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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʬʠʟʠʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘ-

ʨʘʪʫʨʳ ʧʨʠʚʣʝʢʘʶʪ ʤʘʪʝʨʠʘʣʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʯʪʦ ʧʨʦʜʠʢʪʦʚʘʥʦ 

ʚʚʝʜʝʥʠʝʤ ʥʦʚʦʡ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ (DIRECTIVE 2002/95/EC OF THE EUROPEAN 

PARLIAMENT AND OF THE COUNCIL of 27 January 2003 on the restriction of the use of 

certain hazardous substances in electronic equipment // Official Journal of the European 

Union. ï 2003. ï ˉ 37. ï P. 19-23), ʟʘʧʨʝʱʘʶʱʝʡ ʪʨʘʜʠʮʠʦʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʚʠʥʮʘ ʚ 

ʧʴʝʟʦʪʝʭʥʠʯʝʩʢʠʭ ʦʪʨʘʩʣʷʭ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʟʦʙʥʦʚʠʣʩʷ ʠ ʫʩʠʣʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʢʦʤʧʦ-

ʟʠʮʠʷʤ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (ʅʑʄ), ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ (BiFeO3) ï 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʙʘʟʦʚʳʤ ʩʨʝʜʘʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʘʚ ʤʠʢʨʦ-, ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, 

ʩʧʠʥʪʨʦʥʠʢʠ. ʆʜʥʘʢʦ ʥʝʫʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʝʛʦ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠʚʝʣ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢ ʥʝʜʦʩʪʦ-

ʚʝʨʥʦʩʪʠ ʠ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʳʤ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʨʫʢʪʫʨʳ, ʟʝʨʝʥʥʳʤ ʩʪʨʦʝʥʠ-

ʝʤ ʠ ʤʘʢʨʦʦʪʢʣʠʢʘʤʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ʊʈ) ʥʘ ʦʩʥʦʚʝ ʅʑʄ, BiFeO3, ʯʪʦ ʠ ʩʪʘʣʦ ʮʝ-

ʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʠʟ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʦ ʅʑʄ (ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʊʈ ʥʠʦʙʘ-

ʪʦʚ ʥʘʪʨʠʷ ï ʣʠʪʠʷ), ʢʦʤʧʦʟʠʮʠʷʭ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ. 

2. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘ-

ʤʝʥʪʳ ʠʭ ʧʦʣʫʯʝʥʠʷ ʩ ʥʘʜʝʞʥʳʤʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

3. ʆʧʨʝʜʝʣʠʪʴ ʧʫʪʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʊʈ 

ʚʘʨʠʘʮʠʝʡ ʠʭ ʫʩʣʦʚʠʡ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʭʩʷ ʢʘʢ ʜʝʪʘʣʷʤʠ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢ ʠ 

ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 



5 

4. ʋʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʚʝʱʝʩʪʚʘʤ ʥʝʢʦʪʦʨʳʭ ʦʙʱʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʟʘʠʤʥʦʡ ʩʚʷʟʠ ʩʦʩʪʘʚ ï ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʨʦʜʝ ʘʥʦʤʘʣʴʥʳʭ 

ʷʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʷʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʚʳʷʚʠʪʴ ʩʧʝʮʠ-

ʬʠʢʫ ʤʘʢʨʦʦʪʢʣʠʢʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

5. ɺʳʙʨʘʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʩʥʦʚʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʩʫʱʝ-

ʩʪʚʠʪʴ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦ ʦʭʨʘʥʝ ʩʦʟʜʘʥʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ï ʊʈ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʥʠʦʙʘʪʦʚ ʥʘʪʨʠʷ-ʤʝʜʠ (1-ʭ)NaNbO3ïʭ/2CuNb2O6, 0 Ò ʭ Ò 0.1625, ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʰʘʛ ȹʭ = 0.0125; 

ï ʊʈ ʥʘ ʦʩʥʦʚʝ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ (Na,Li)NbO3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ (1õ3) ʤʘʩʩ.% MnO2, 

CuO, (MnO2+CuO), ȹʭ=1 ʤʘʩʩ %; (0.5õ3) ʤʘʩʩ.% NiO ʠ (Bi2O3+Fe2O3), ȹʭ=0.5 ʤʘʩʩ %; 

ï ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ BiFeO3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 0.5 ʤʘʩʩ. % Cr2O3, MnO2, CoO, NiO, CuO, 

ZnO. 

ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ: ʜʠʩʧʝʨʩʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʰʠʭ-

ʪʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ, ʠʟʤʝʣʴʯʝʥʥʳʝ ʧʦʣʠʢʨʠʩʪʘʣʣʳ), ʢʝʨʘʤʠʢʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ: 

ï ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ                              

(1-ʭ) NaNbO3ï x/2CuNb2O6 (0 Ò x Ò 0.1625, ȹx=0.0125) ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʣʠ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ; ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʩʧʝʢʘʥʠʷ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ; ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ Nb2O5; 

ʧʦʩʪʨʦʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʘʷ ʩʣʦʞʥʫʶ ʤʦʨʬʦʪʨʦʧʥʫʶ ʦʙʣʘʩʪʴ; 

ʦʙʥʘʨʫʞʝʥʳ ʵʬʬʝʢʪʳ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ; 

ï ʚʳʷʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩʦʩʪʘʚʦʚ ï ʩʪʨʫʢʪʫʨʳ ï ʩʚʦʡʩʪʚʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʊʈ, ʚʢʣʶʯʘʶʱʠʭ (Na, Li )NbO3, 

ʤʦʥʦʦʢʩʠʜʘʤʠ Mn, Cu, Ni ʠ ʩʣʦʞʥʳʤʠ ʜʦʙʘʚʢʘʤʠ MnO2 + CuO, Bi2O3 + Fe2O3; ʨʝʥʪʛʝʥʦ-

ʛʨʘʬʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦʟʥʠʢʘʶʱʠʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʢʘʯʝ-

ʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʚʦʜʠʤʳʭ ʤʦʜʠʬʠ-

ʢʘʪʦʨʦʚ; ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʣʦʢʘʣʠʟʘʮʠʷ ʠʦʥʦʚ-ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʙʘʟʦʚʳʭ ʊʈ; 
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ï ʧʦʢʘʟʘʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ BiFeO3 ʧʫʪʝʤ ʣʝʛʠʨʦʚʘʥʠʷ       

d-ʵʣʝʤʝʥʪʘʤʠ (Mn, Co, Ni), ʘ ʪʘʢʞʝ ʦʢʩʠʜʘʤʠ ʚʳʩʦʢʦʨʘʟʨʷʜʥʳʭ ʠʦʥʦʚ (Nb, Ti); ʫʩʪʘʥʦʚ-

ʣʝʥʦ ʚʣʠʷʥʠʝ ʩʧʝʮʠʬʠʢʠ ʚʚʦʜʠʤʳʭ ʠʦʥʦʚ ʥʘ ʭʘʨʘʢʪʝʨ ʩʚʷʟʥʦʩʪʠ ʠ ʤʦʨʬʦʣʦʛʠʶ ʟʝʨʝʥ 

ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ; ʚʳʷʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʫʚʝʣʠʯʝʥʠʷ ʩʝʛʥʝʪʦʞʝʩʪʢʦ-

ʩʪʠ BiFeO3 ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʟʘʨʷʜʥʳʤʠ ʠ ʥʠʟʢʦʟʘʨʷʜʥʳʤʠ ʠʦʥʘʤʠ; ʦʧʨʝ-

ʜʝʣʝʥʘ ʨʦʣʴ ʜʝʬʝʢʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʦʛʦ BiFeO3 ʚ ʦʢʨʝʩʪʥʦʩʪʠ 100 Üʉ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʤ (ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ ʘʢʪʠʚ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ) ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʩʦʟʜʘʥʳ: 

ς ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ  ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů33
ʊ
/Ů0 ~ 121), ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ 

ʧʴʝʟʦʤʦʜʫʣʝʤ (d33 ~ 45 ʧʂʣ/ʅ), ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (g33 ~ 42 ʤɺĀʤ/ʅ), ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ (Kp ~ 0.19), ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ 

(Qm ~ 516), ʠ ʩʢʦʨʦʩʪʴʶ ʟʚʫʢʘ (V1
E
 ~ 5.8 ʂʤ/ʩ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʧʨʠʝʤʘ (ʇʘʪʝʥʪ 

ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2498959 ʦʪ 20.11.2013. ʧʦ ʟʘʷʚʢʝ ˉ 2011145119/03(067608.) ʦʪ 

09.11.2011 (ʧʨʠʦʨʠʪʝʪ). ʄʇʂ ʉ04ɺ 35/495 (2006.01). ʆʧʫʙʣʠʢʦʚʘʥ 20.11.2013. ɹʶʣ. 

 ̄32.; 

ï ʤʝʪʦʜʠʢʠ, ʘʪʪʝʩʪʦʚʘʥʥʳʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʦʡ ʩʪʘʥʜʘʨʪʥʳʭ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ 

(ɻʉʉʉɼ) ʈʦʩ. ʥ-ʪ. ʮʝʥʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʤʝʪʨʦʣʦʛʠʠ ʠ ʦʮʝʥʢʝ ʩʦʦʪ-

ʚʝʪʩʪʚʠʷ (ʌɻʋʇ çʉʪʘʥʜʘʨʪʠʥʬʦʨʤè, ʛ. ʄʦʩʢʚʘ); ʚ ʪʦʤ ʯʠʩʣʝ, 

 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʚʝʨʩʠʚʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥ-

ʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (300 õ 450) ʂ, ʯʘʩʪʦʪ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

(10
2
 õ 10

5
) ɻʮ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʩʤʝʱʘʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

(0 õ 30) ʢɺ/ʩʤ // ɸʪʪʝʩʪʘʪ ˉ 199 ʦʪ 16.05.2012 ʛ. ˉ ɻʉʉʉɼ ʄʕ 199 ï 2012 ʌɻʋʇ 

çʉʪʘʥʜʘʨʪʠʥʬʦʨʤè; 

 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʨʘʟʣʠʯʥʳʭ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

(300 õ 750) ʂ ʠ ʯʘʩʪʦʪ (1 õ 2Ț10
6
) ɻʮ // ɸʪʪʝʩʪʘʪ ˉ 200 ʦʪ 16.05.2012. ˉ ɻʉʉʉɼ ʄʕ 200 

ï 2012 ʌɻʋʇ çʉʪʘʥʜʘʨʪʠʥʬʦʨʤè. 
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ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʇʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʆʪʨʘʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 01.04.07 ï ʬʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʝʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʨʘʟʨʘʙʦʪʢʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʨʦʜʳ ʥʝ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʠʟʤʝʥʝʥʠʝ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʫʥʢʪʘʤ 1, 2 ʠ 6 ʇʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 01.04.07 ï ʬʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʊʈ ʩʠʩʪʝʤʳ (1-ʭ) NaNbO3 ï x/2CuNb2O6 (0 Ò x Ò 0.1625, ȹx = 0.0125) 

ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʝʜʳʩʪʦʨʠʷ, ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʩʣʦʞʥʳʭ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ. 

2. ʈʦʩʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʧʦʪʝʨʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʦʢʩʠʜʘʤʠ Cu, Ni, Mn ʢʝʨʘʤʠʢʘʭ  ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʥʘʪʨʠʷ-ʣʠʪʠʷ ʦʙʫʩʣʦʚʣʝʥ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʘʥʠʦʥʥʦʜʝʬʠʮʠʪʥʳʭ  ʠ ʘʥʠʦʥʥʦʠʟʙʳʪʦʯʥʳʭ ʊʈ ʧʦʚʳʰʝʥʥʦʡ ʩʝʛʥʝʪʦʞʝʩʪʢʦʩʪʠ. 

3. ɸʥʦʤʘʣʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ BiFeO3 ʚʙʣʠʟʠ 100 Üʉ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʡ ʝʛʦ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ Co, Ni, 

Zn; ʚ ʩʣʫʯʘʝ ʩ Ti, ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʚʭʦʞʜʝʥʠʝ ʚ ʙʘʟʦʚʫʶ ʨʝʰʝʪʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʜʝʬʝʢʪʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘʜʝʞʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʦʜʥʦ-

ʚʨʝʤʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ; ʩʦʛʣʘʩʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ; 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʪʪʝʩʪʦʚʘʥʥʳʭ 

ɻʉʉʉɼ, ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʧʨʝʮʠʟʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʳʧʫʩʢʘ 2004-2012 ʛʛ.; ʧʨʦʚʝʜʝʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʦʙʨʘʟʮʦʚ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʢʘʟʘʚʰʠʭ ʭʦʨʦʰʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʚʦʡʩʪʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʠʤʧʦʟʠʫʤʘʭ, ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʩʦʚʝʱʘʥʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ: IV ʄʝʞʜʫʥʘʨʦʜʥrʡ ʢʦʥʛʨʝʩʩ (V ʄʝʞʜʫʥʘ-
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ʨʦʜʥʘ ̫ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ)̫ çʕʢʦʣʦʛʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚè (çELPIT ï 2011, 2013è), ʛ. ʊʦʣʴʷʪʪʠ - ʛ. ʉʘʤʘ-

ʨʘ, 2011, 2013; II  ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʤʦʣʦʜʝʞʥʳʡ ʩʠʤʧʦʟʠʫʤ çʌʠʟʠʢʘ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝ-

ʟʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. (ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ)è 

(çLFPM ï 2013è), ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ï ʛ. ʊʫʘʧʩʝ, 2013. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʪʜʝʣʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʅʀʀ 

ʬʠʟʠʢʠ ʖʌʋ ʧʦ: 

ï ʙʁ ʜʞʝʪʥʳʤ ʪʝʤʘʤ ʅʀʀ ʬʠʟʠʢʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦ-

ʛʨʘʤʤʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ˉ 2.01.09 (2009) çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ 

ʩʦʩʪʦʷʥʠʡ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ éè, ˉ 2.2.09 

(2010) çʉʦʟʜʘʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʩʩʚʠʥʮʦʚʳʭ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚéè, ˉ2.2.11 (2011) çʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʝʛʥʝʪʦ-, ʧʴʝʟʦ-

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ éè, ˉ 2.5930.2011 (2011) çʌʘ-

ʟʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʝʛʥʝʪʦ-, ʧʴʝʟʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ 

éè, ˉ 2.9.11 (2011) çɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦ-, ʤʠʢʨʦ- ʤʘʢʨʦ-

ʩʢʦʧʠʯʝʩʢʠʭ (ʚ ʪ.ʯ. ʛʠʛʘʥʪʩʢʠʭ) ʩʚʦʡʩʪʚ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜʘʭ éè, ˉ 2.5940 (2012) 

çʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʥʠʦʙʠʝʚʳʭ ʠ ʬʝʨʨʠʪ-ʤʘʥʛʘʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ- ʠ ʰʧʠʥʝʣʝʧʦʜʦʙʥʳʭ ʩʦʩʪʦʷʥʠʷʭéè, ɸɺʎʇ çʈʘʟʚʠʪʠʝ ʥʘʫʯ-

ʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʰʝʡ ʰʢʦʣʳ (2009-2010 ʛʦʜʳ)è ˉ2.1.1./6931 (2009-2010) çʅʝʫʧʦʨʷ-

ʜʦʯʝʥʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʨʝʜʳ: ʥʦʚʳʝ ʬʘʟʳ, ʛʠʛʘʥʪʩʢʠʝ ʧʴʝʟʦ-, ʧʠʨʦ- ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʦʪʢʣʠʢʠè; ʪʝʤʘ ˉ 213.01-11/2014-21 (2014) çʉʪʨʫʢʪʫʨʘ, ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʤʘʢʨʦʦʪʢʣʠ-

ʢʠ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪ-

ʥʳʭ ʥʝʪʦʢʩʠʯʥʳʭ ʩʨʝʜ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʉɺʏ 

ʜʠʘʧʘʟʦʥʘéè, ʪʝʤʘ ˉ 213.01-2014/012-ɺɻ (2014) çʅʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʠʦʥʘʤʠ 

3d-ʤʝʪʘʣʣʦʚ: ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʳʭ, ʜʦʤʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʣʘʩʪʝʡéè; 

ï ʛʦʩ. ʢʦʥʪʨʘʢʪʘʤ ʧʦ ʌʝʜʝʨʘʣʴʥʳʤ ʮʝʣʝʚʳʤ ʧʨʦʛʨʘʤʤʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ, çʀʩʩʣʝʜʦ-

ʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007-2013 ʛʦʜʳè ɻʂ 16.513.11.3032, çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʨʝʜ ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʘʢʫʩʪʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ,é è  ʠ çé2014-2020 ʛʦʜʳè 

ɻʂ 14.575.21.0007 çʈʘʟʨʘʙʦʪʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫ-
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ʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʩʚʠʥʝʮ, ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ,é è, ʘ ʪʘʢʞʝ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009-2013 ʛʦʜʳ ɻʂ 16.740.11.0142 

çʂʦʤʙʠʥʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʠ ʤʦʜʫʣʷʨʥʳʡ ʜʠʟʘʡʥ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʨʝʜ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷéè, ɻʂ 16.740.11.0587 çʇʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʝ ʩʨʝʜʳ ʩ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʴʝʟʦ(ʩʝʛʥʝʪʦ)ʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ: 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʘʟʳ, ʢʨʠʪʠʯʝʩʢʠʝ ʠ ʩʫʙʢʨʠʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʤʘ-

ʪʝʨʠʘʣʳ éè); 

ï ʛʨʘʥʪʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʈʌʌʀ) ˉ 11-02-00484-ʘ çʄʦʜʫʣʠʨʦʚʘʥʥʳʝ, ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʩʝʛʥʝʪʦʤʘʛʥʠʪ-

ʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭè; 

ï ʛʦʩ. ʟʘʜʘʥʠʶ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʥʦʡ ʯʘʩʪʠ ʥʘ 2014-2016 ʛʦʜʳ ɿʘʜʘʥʠʝ 

ˉ3.1246.2014/ʂ çʉʣʦʞʥʦʦʢʩʠʜʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʥʘʥʦ-

ʤʘʩʰʪʘʙʥʳʤʠ ʜʠʩʪʦʨʩʠʷʤʠ: ʦʪ ʧʣʘʟʤʝʥʥʦʡ çʧʳʣʠè ï ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤè; 

ï ʚʥʫʪʨʝʥʥʠʤ ʛʨʘʥʪʘʤ ʖʌʋ ʧʦ ʧʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʖʌʋ (ʊʝʤʳ: ˉ ʂ-08-ʊ-11, 

ˉ 2-ʂ-11-1, N213.01-24/2013-21). 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʪʨʘʞʝʥʳ ʚ 9-ʪʠ ʩʪʘʪʴʷʭ, ʠʟ ʢʦʪʦʨʳʭ 6 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʇʝʨʝʯʝʥʴ ʚʝʜʫʱʠʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ ʠ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ, ʠ ʦʜʥʦʤ 

ʧʘʪʝʥʪʝ ʈʌ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʙʣʝʤʳ 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʦʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʨʘʙʦʪʝ; ʩʦʙʨʘʥʳ ʠ ʦʙʦʙʱʝʥʳ ʚ 

ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ; ʚʳʙʨʘ-

ʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ, ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʩʦʟʜʘʥʳ ʤʝʪʦʜʠʢʠ; ʧʨʦʚʝ-

ʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʫʧʨʫʛʠʭ, ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʦ-

ʠʟʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; ʧʨʦʠʟʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʦʬʦʨʤʣʝ-

ʥʠʝ ʚʩʝʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʪʝʢʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʨʘʙʦʪʳ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ʈʝʟʥʠʯʝʥʢʦ ʃ.ɸ. 

ʦʩʫʱʝʩʪʚʣʝʥ ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʝʤʘ ʠ ʮʝʣʴ ʨʘʙʦʪʳ, 

ʧʨʦʚʝʜʝʥʦ ʦʙʩʫʞʜʝʥʠʝ ʠ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʜʘʥʥʳʭ, ʦʩʫʱʝʩʪʚʣʝʥʘ 
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ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʧʦ ʨʘʙʦʪʝ ʠ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʀʀ ʬʠʟʠʢʠ, ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʖʌʋ ʠ ʜʨʫʛʠʭ 

ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ ʦʩʫʱʝʩʪʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: ʠʟʛʦʪʦʚʣʝʥ ʦʩʥʦʚʥʦʡ ʤʘʩʩʠʚ ʢʝʨʘ-

ʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢ. ʭ. ʥ. ʈʘʟʫʤʦʚʩʢʘʷ ʆ.ʅ., ʢ. ʬ.-ʤ. ʥ. ɺʝʨ-

ʙʝʥʢʦ ʀ.ɸ., ʚʝʜ. ʪʝʭʥʦʣʦʛʠ ʊʝʣʴʥʦʚʘ ʃ.ʉ., ʉʦʨʦʢʫʥ ʊ.ʅ., ʇʦʧʦʚ ʖ.ʄ.); ʧʨʦʚʝʜʝʥʳ ʨʝʥʪ-

ʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʪ. ʥʘʫʯ. ʩʦʪʨ. ʐʠʣʢʠʥʘ ʃ.ɸ.); ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʢ. ʬ.-ʤ. ʥ. ʐʝʚʮʦʚʘ ʉ.ʀ., ʩʦʪʨʫʜʥʠʢʠ ʈʝʛʠʦʥʘʣʴʥʦʛʦ ʬʠʣʠʘʣʘ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʵʢʩʧʝʨʪʥʦʛʦ ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʦʛʦ ʪʘʤʦʞʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ï ʢ. ʬ.-ʤ. ʥ. 

ʂʦʥʩʪʘʥʪʠʥʦʚ ɻ.ʄ, ʢ. ʬ.-ʤ. ʥ. ʉʠʤʦʥʝʥʢʦ ʉ.ɸ.); ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʝʨʘʤʠʢ (ʢ.ʬ.-ʤ.ʥ. 

ʐʝʚʮʦʚʘ ʉ.ʀ., ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ (ʜ. ʬ.- ʤ. ʥ., ʧʨʦʬ. ʂʦʟʘʢʦʚ ɸ.ʊ., 

ʢ. ʬ.-ʤ. ʥ. ʅʠʢʦʣʴʩʢʠʡ ɸ.ɺ, ʢ. ʬ.-ʤ. ʥ. ɻʫʛʣʝʚ ʂ.ɸ.); ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʜ. ʬ.-

ʤ. ʥ. ʇʘʥʯʝʥʢʦ ɽ.ʄ., ʢ. ʬ.-ʤ. ʥ. ʇʘʚʝʣʢʦ ɸ.ɸ.), ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʪ. ʥʘʫʯ. ʩʦʪʨ. ɼʫʜʢʠʥʘ ʉ.ʀ., ʢ. ʬ.-ʤ. ʥ. ɸʥʜʨʶʰʠʥ ʂ.ʇ.) ʩʦʩʪʘʚʦʚ ʦʙʲ-

ʝʢʪʦʚ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʦ ʚʦ ʚʚʝʜʝ-

ʥʠʠ, 5 ʛʣʘʚʘʭ, ʟʘʢʣʶʯʝʥʠʠ ʠ ʧʨʠʣʦʞʝʥʠʠ, ʠʟʣʦʞʝʥʥʳʭ ʥʘ 181 ʩʪʨʘʥʠʮʝ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ 

87 ʨʠʩʫʥʢʦʚ, 47 ʪʘʙʣʠʮ, ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ 324 ʥʘʠʤʝʥʦʚʘ-

ʥʠʷ. 
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ɻʃɸɺɸ 1. ɹɽʉʉɺʀʅʎʆɺɸʗ ʉɽɻʅɽʊʆʕʃɽʂʊʈʀʏɽʉʂɸʗ ʂɽʈɸʄʀʂɸ 

ʅɸ ʆʉʅʆɺɽ ʅʀʆɹɸʊʆɺ ʑɽʃʆʏʅʓʍ ʄɽʊɸʃʃʆɺ, ʄʋʃʔʊʀʌɽʈʈʆʀʂʀ: 

ʀʉʊʆʈʀʗ, ʊɽʍʅʆʃʆɻʀʗ, ʇɽʈʉʇɽʂʊʀɺʓ 

 

1.1. ɹʝʩʩʚʠʥʮʦʚʘʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ 

ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

 

ɺʦʪ ʫʞʝ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʧʨʠʩʪʘʣʴʥʳʤ ʚʥʠʤʘʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʩ ʦʪʢʨʳʪʠʝʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʭ ʢʝʨʘʤʠʢʘʭ ʦʥʠ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʆʜʥʘʢʦ, ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʝʨʘʤʠʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʢʨʳʪʠʝʤ ʩʠʩʪʝʤʳ ʎʊʉ, ʨʦʩ ʠ ʩʧʝʢʪʨ ʠʭ 

ʧʨʠʤʝʥʝʥʠʡ (ʩʦʥʘʨʳ, ʪʨʘʥʩʜʫʢʪʦʨʳ, ʫʩʪʨʦʡʩʪʚʘ ʤʠʢʨʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘʢʪʶʘʪʦʨʳ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ [1]). ʉʝʡʯʘʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠ ʦʜʠʥ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʧʨʦʜʫʢʪ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʪʝʭʥʠʢʠ - ʦʪ ʩʘʤʦʣʸʪʘ ʜʦ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ - ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʵʣʝʢʪʨʦʥ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʠʨ ʥʝ ʩʪʦʠʪ 

ʥʘ ʤʝʩʪʝ, ʠ ʩʤʝʥʘ ʚʝʢʪʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦ-

ʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʠʤʝʥʷʝʤʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʤʘʪʝʨʠʘʣʘʤ. ʉʝʛʦʜʥʷ ʩʨʝʜʠ ʥʘʠʙʦʣʝʝ 

ʞʸʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʦʩʦʙʫʶ ʨʦʣʴ ʧʨʠʦʙʨʝʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʊʘʢ, ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʦʩʣʠ ʫʩʠʣʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʝ ʥʘ ʚʳʪʝʩʥʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʦʙʣʘʩʪʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ɽʚʨʦʩʦʶʟʦʤ ʚ 2003 ʛʦʜʫ ʧʨʠʥʷʪʳ ʜʠʨʝʢʪʠʚʳ çʆʙ ʦʪʭʦʜʘʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷè (WEEE) ʠ çʆʙ ʦʛʨʘʥʠʯʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʷʜʘ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʚ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʤ ʠ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠè (RoHS) [2]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ WEEE ʨʝʛʫʣʠʨʫʝʪ 

ʫʪʠʣʠʟʘʮʠʶ, ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʫʢʘʟʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, RoHS 

ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʢʩʠʯʥʳʝ 

ʚʝʱʝʩʪʚʘ. ʈʪʫʪʴ, ʢʘʜʤʠʡ, ʰʝʩʪʠʚʘʣʝʥʪʥʳʡ ʭʨʦʤ, ʨʷʜ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ, ʦʩʦʙʝʥʥʦ, 

ʩʚʠʥʝʮ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʦʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ ʫʛʨʦʟʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʝʨʝ-

ʨʘʙʦʪʢʝ, ʫʪʠʣʠʟʘʮʠʠ ʠ ʧʨʦʩʪʦ ʥʝʧʨʘʚʠʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʨʘʥʘʭ ɽʉ ʩ ʠʶʥʷ 2006 ʛʦʜʘ ʚ ʦʪʢʨʳʪʫʶ ʧʨʦʜʘʞʫ ʥʝ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ 

ʣʶʙʘʷ ʧʨʦʜʫʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʙʦʣʝʝ 0.1 ʤʘʩʩ. % ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 
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ʢʘʜʤʠʷ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʝʱʸ ʥʠʞʝ 0.01 ״ ʤʘʩʩ. %.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʢʣʶʯʝʥʠʝ ʩʜʝʣʘʥʦ ʜʣʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʙʝʩʩʚʠʥʮʦʚʳʭ ʢʝʨʘʤʠʢ, ʩʧʦʩʦʙʥʳʭ ʟʘʤʝʥʠʪʴ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʝ ʥʘ ʚʘʞʥʝʡʰʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʨʦʜʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʠʩʢʣʶʯʝʥʠʷ ʧʴʝ-

ʟʦʵʣʝʢʪʨʠʢʦʚ ʠʟ ʦʙʲʝʢʪʦʚ, ʧʦʜʧʘʜʘʶʱʠʭ ʧʦʜ ʶʨʠʩʜʠʢʮʠʶ RoHS, ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʵʪʦʪ ʚʦʧʨʦʩ ʝʞʝʛʦʜʥʦ ʧʝʨʝ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʠʩʩʠʝʡ ɽʚʨʦʩʦʶʟʘ ʩ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ. ɺʥʝʜʨʝʥʠʷ ʞʝ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ 

ʠʤʝʪʴ ʤʝʩʪʦ ʪʦʣʴʢʦ, ʝʩʣʠ ʥʘʫʯʥʦ ʜʦʢʘʟʘʥʦ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʝʭʥʠʯʝʩʢʠ, ʯʪʦ ʟʘʤʝʥʘ ʠʣʠ 

ʫʩʪʨʘʥʝʥʠʝ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʚʦʟʤʦʞʥʳ. ʅʦ ʫʞʝ ʩʝʡʯʘʩ ʠʩʢʣʶʯʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʠʥʮʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʥʦʚʠʥʢʘʭ ʙʳʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʥʘ ʝʚʨʦʧʝʡʩʢʦʤ ʨʳʥʢʝ ʚ ʙʫʜʫʱʝʤ ʩʪʘʥʝʪ ʧʨʦʜʫʢʮʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʚ ʜʝʣʝ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʧʨʠ-

ʥʷʪʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʩʪʘʸʪʩʷ ʥʝʨʝʰʸʥʥʦʡ.  

ʅʘʩʪʦʷʱʠʡ ʦʙʟʦʨ ʧʦʩʚʷʱʸʥ ʦʜʥʦʤʫ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʠʩʢʘ ʚʳʩʦʢʦʵʬ-

ʬʝʢʪʠʚʥʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʲʝʢʪʘʤʠ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʶʪ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦ-

ʨʳ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʥʘʪʨʠʷ-ʢʘʣʠʷ.  

ʅʠʦʙʘʪʳ ʥʘʪʨʠʷ-ʢʘʣʠʷ 

ʅʠʦʙʘʪʳ ʥʘʪʨʠʷ-ʢʘʣʠʷ (KNN) ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʩʝʛʥʝ-

ʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ (ʉʕ) ʩʠʩʪʝʤ, ʫʩʪʫʧʘʶʱʘʷ ʧʦ ʠʟʚʝʩʪʥʦʩʪʠ, ʧʦʞʘʣʫʡ, ʣʠʰʴ ʩʠʩʪʝʤʝ ʪʠ-

ʪʘʥʘʪʦʚ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ï ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ. 

ʅʠʦʙʘʪʳ ʥʘʪʨʠʷ-ʢʘʣʠʷ ï ʝʜʠʥʩʪʚʝʥʥʘʷ ʙʝʩʩʚʠʥʮʦʚʘʷ ʩʠʩʪʝʤʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚ-

ʩʢʠʪʘ, ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ, ʙʦʣʴʰʝʡ, ʯʝʤ ʚ ʎʊʉ, ʠ ʩʦʧʦʩʪʘʚʠʤʳʤʠ 

ʩ ʥʝʡ ʧʦ ʚʝʣʠʯʠʥʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʠʥʝʨʪʥʦʩʪʴ ʠ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʪʢʘʥʷʤʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʜʝʣʘʶʪ ʊʈ KNN ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʤʝ-

ʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʀʭ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʥʠʟʢʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʪʝʭʥʠʢʝ. ʅʘʯʠʥʘʷ ʩ 2005 ʛʦʜʘ, ʧʦʩʣʝ ʨʘʙʦʪ [3-5] ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ KNN, 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʚʳʩʠʣʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ ʙʝʩʩʚʠʥʮʦʚʳʤ ʧʴʝʟʦʘʢʪʠʚ-

ʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. 

ʆʜʥʘʢʦ ʰʠʨʦʢʦʤʫ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʜʦ ʩʠʭ ʧʦʨ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʝ-
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ʩʢʦʣʴʢʦ ʥʝʜʦʩʪʘʪʢʦʚ. KNN ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʑʄ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʷʜʘ ʪʨʫʜʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʠ 

ʩʠʥʪʝʟʝ ʠ ʩʧʝʢʘʥʠʠ ʢʝʨʘʤʠʢ [6]. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ KNN. ʆʙʣʘʩʪʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ Q, K ʠ L, ï ʤʦʥʦʢʣʠʥʥʳʝ 

(ʠʣʠ, ʢʘʢ ʯʘʩʪʦ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ) ʉʕ ʬʘʟʳ, M, G ï ʦʨʪʦʨʦʤʙʠ-

ʯʝʩʢʠʝ ʉʕ ʬʘʟʳ, F, H, J ï ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʉʕ ʬʘʟʳ. ʆʙʣʘʩʪʴ ʈ ï ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ɸʉʕ [9] 
 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ KNN ʧʦʣʫʯʝʥʳ ʚ ʦʙʣʘʩʪʠ 

ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʘʤʠ, ʯʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʬʬʝʢʪʘ ʬʘʟʦʧʝʨʝʭʦʜʥʦʡ ʫʩʪʘʣʦʩʪʠ ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ ʢʝʨʘʤʠʢ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠ-

ʤʝʥʝʥʠʡ [7, 8]. 

ʅʠʦʙʘʪʳ ʥʘʪʨʠʷ-ʢʘʣʠʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʊʈ, ʦʙʨʘʟʦʚʘʥʥʦʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʨʪʦ-

ʨʦʤʙʠʯʝʩʢʠʤ ʥʠʦʙʘʪʦʤ ʢʘʣʠʷ, ʧʨʝʪʝʨʧʝʚʘʶʱʠʤ ʪʫ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʘʟʦʚʳʭ ʧʝʨʝ-

ʭʦʜʦʚ, ʯʪʦ ʠ ʪʠʪʘʥʘʪ ʙʘʨʠʷ, ʥʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʥʪʠ-

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʥʠʦʙʘʪʦʤ ʥʘʪʨʠʷ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʨʘʟ-

ʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [9]. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ KNN ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʩ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʠ ʤʦʨʬʦʪʨʦʧʥʳʤʠ ʬʘʟʦ-

ʚʳʤʠ ʛʨʘʥʠʮʘʤʠ (ʨʠʩʫʥʦʢ 1.1). 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʨʬʦʪʨʦʧʥʳʝ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 17.5, 32.5 ʠ 

47.5 % ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ. ʇʨʠʤʝʯʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʉʕ ʬʘʟʘʤʠ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠïʧʴʝʟʦʵʣʝʢʪʨʠʢʠ (ʉʕ-ʇʕ) ʥʝ ʟʘ-

ʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʘʞʝ ʥʝʙʦʣʴʰʘʷ ʜʦʙʘʚʢʘ ʥʠʦʙʘʪʘ 

ʢʘʣʠʷ ʢ ʥʠʦʙʘʪʫ ʥʘʪʨʠʷ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʝʨʝʭʦʜ ʠʟ ɸʉʕ ʚ ʉʕ ʩʦʩʪʦʷʥʠʝ. 

ʉʠʥʪʝʟ ʥʠʦʙʘʪʦʚ ʥʘʪʨʠʷ-ʢʘʣʠʷ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʦʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʚ ʧʦʣʫʯʝʥʠʠ ʅʑʄ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦ-

ʩʪʠʞʝʥʠʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʝʨʘʤʠʢ. ɻʠʜʨʦʣʠʟ ʩʦʝʜʠʥʝʥʠʡ ʑʄ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʊʈ 
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ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʝʛʢʦʧʣʘʚʢʠʭ, ʣʝʛʢʦʣʝʪʫʯʠʭ, ʦʯʝʥʴ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʛʠʜʨʦʢʩʠʜʦʚ ʑʄ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ, "ʣʝʞʘʱʠʤʠ" ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢ (ʊʧʣ. (KOH) = 400 ÜC, ʊʧʣ. (NaOH) = 320 Áʉ) ʠ ʦʙʨʘʟʫʶʱʠ-

ʤʠ ʧʨʠ ʩʧʝʢʘʥʠʠ ʞʠʜʢʫʶ ʬʘʟʫ (ɾʌ). ɺʨʝʜʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʵʪʦʛʦ ï ʧʦʨʠʩʪʦʩʪʴ ʢʝʨʘʤʠʢ 

ʠʟ-ʟʘ ʣʝʪʫʯʝʩʪʠ ʧʣʘʚʥʝʡ, ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʧʦʜʣʦʞ-

ʢʘʤʠ (ʘʣʫʥʜʦʚʳʤʠ, ʮʠʨʢʦʥʘʪʥʳʤʠ ʠ ʜʨʫʛʠʤʠ), ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ (ʨʘʩʩʣʦʝʥʠʝ) ʢʝʨʘʤʠʢ ʧʦ 

ʚʳʩʦʪʝ ʦʙʨʘʟʮʘ, ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʥʘʨʫʰʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʠ ï ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʠʟ-

ʢʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʠ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʨʘʟʨʫʰʠʪʝʣʴʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʧʦʚʳʰʝʥʥʦʡ ʣʝʪʫʯʝʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʙʳʩʪʨʘʷ ʜʝʛʨʘʜʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ï ʧʦʜʣʦʞʝʢ, ʪʠʛʣʝʡ, ʣʦʜʦʯʝʢ [6, 10-14]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʣʝʪʫʯʝʩʪʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚʚʝʜʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʦʢʩʠʜʦʚ ʑʄ [15], ʘ ʪʘʢʞʝ ʦʙʞʠʛ ʠ ʩʧʝʢʘʥʠʝ ʧʦʨʦʰʢʦʚ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʪ-

ʤʦʩʬʝʨʝ [16] ʚ ʟʘʢʨʳʪʳʭ ʪʠʛʣʷʭ, ʢʦʛʜʘ ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʥʝʙʨʝʞʠʪʝʣʴʥʦ ʤʘ-

ʣʦʡ [14], ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʩʳʧʦʢ [6]. 

ʊʨʘʜʠʮʠʦʥʥʳʤ ʩʳʨʴʸʤ ʜʣʷ ʩʠʥʪʝʟʘ ʅʑʄ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʳ ʑʄ. ʆʥʠ ʜʸʰʝʚʳ, 

ʜʦʩʪʫʧʥʳ, ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʩʠʜʳ, ʘ 

ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʩʠʜʳ ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʜʠ-

ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʠʭ ʛʠʜʨʦʩʢʦʧʠʯʥʘʷ ʧʨʠʨʦʜʘ [17], ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʠʭ ʭʨʘʥʝʥʠʠ ʠ ʟʘʪʨʫʜʥʷʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʭʦʜʝ ʩʤʝʰʠʚʘʥʠʷ ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [18]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʦ ʜʦʩʪʠʞʝʥʠʝ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʪʨʘʪʦʚ [19] ʠʣʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ [6], 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʧʨʦʮʝʩʩʘʤ ʛʠʜʨʦʣʠʟʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦ-

ʭʨʘʥʝʥʠʶ ʩʪʝʭʠʦʤʝʪʨʠʠ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ ʜʣʷ ʩʠʥʪʝʟʘ KNN ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʵʪʘ-

ʥʦʣʝ ʠʣʠ ʚ ʘʮʝʪʦʥʝ. ʕʪʘʥʦʣ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ, ʪʘʢ ʢʘʢ ʦʥ ʩʦʯʝʪʘʝʪ 

ʚ ʩʝʙʝ ʨʘʟʫʤʥʫʶ ʮʝʥʫ ʠ ʥʠʟʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʦʥʥʳʭ (ʧʦʣʷʨʥʳʭ) ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʦʢʩʠʜʳ, ʢʘʨʙʦʥʘʪʳ, ʥʠʪʨʘʪʳ. ɺʳʩʰʠʝ ʩʧʠʨʪʳ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʷ ʠʟʥʦʩʘ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʧʦʤʦʣʴ-

ʥʳʭ ʰʘʨʦʚ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʝʜʸʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʜʫʢʪʘ ʧʨʠʤʝʩʷʤʠ.  

ʅʠʦʙʘʪʳ ʥʘʪʨʠʷ-ʢʘʣʠʷ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʠ 

ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʥʘʨʫʰʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʠʤʝʩ-

ʥʳʭ ʬʘʟ. ʆʥʠ ʛʠʛʨʦʩʢʦʧʠʯʥʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʦʚ ʧʨʠ ʦʙʞʠʛʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʘʙʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ [17].  

ʅʝʢʦʪʦʨʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ ʚ ʫʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʘʭ 



15 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʤʝʪʦʜʘʤʠ çʤʦʢʨʦʡè ʭʠʤʠʠ. ʊʘʢ, ʝʱʸ ʚ ʨʘʙʦʪʝ [20] ʦʧʠʩʘʥʦ ʫʩʧʝʰʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʤʳʚʢʠ 2%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʧʦʩʣʝ ʦʙʞʠʛʘ, ʧʨʠʚʦʜʠʚʰʝʡ 

ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʥʝʧʝʨʦʚʩʢʠʪʥʳʭ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. 

ʈʷʜ ʨʘʙʦʪ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʩʚʷʱʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʣʷ ʩʠʥʪʝʟʘ KNN ʤʝʪʦʜʘ ʤʝ-

ʭʘʥʦʘʢʪʠʚʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʘʛʨʝʩʩʠʚʥʳʝ ʱʝʣʦʯʥʳʝ ʩʨʝʜʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʦʩʥʘʩʪʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʧʨʦʜʫʢʪʳ 

ʩʠʥʪʝʟʘ [21]. ʊʘʢ, ʚ [22] ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʠʥʪʝʟʝ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʦʘʢʪʠʚʘ-

ʮʠʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ Retch PM 400 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʙʠʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʠʪʪʨʠʝʤ ʰʘʨʦʚ ʠʟ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʘʩʩ ʧʦʨʦʰʢʘ ʠ ʠʟʤʝʣʴʯʠ-

ʪʝʣʝʡ 25/1. ʇʦʩʣʝ 5 ʯʘʩʦʚ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʷʚʠʣʠʩʴ ʧʨʠʟʥʘʢʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʤʝʞ-

ʜʫ ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʦʩʣʝ ʧʦʤʦʣʘ ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ ʨʝʘʢʮʠʷ ʙʳʣʘ ʟʘʚʝʨʰʝ-

ʥʘ, ʥʦ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʧʦʷʚʠʣʠʩʴ ʨʝʬʣʝʢʩʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʧʨʦ-

ʜʫʢʪʘ ʤʘʪʝʨʠʘʣʦʤ ʰʘʨʦʚ ʠ ʢʦʥʪʝʡʥʝʨʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʠʦʙʘʪʘ ʢʘʣʠʷ ʠ ʊʈ KNN ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʠ ʚʦʦʙʱʝ ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ. 

ʇʦ ʩʦʦʙʱʝʥʠʷʤ ʨʷʜʘ ʘʚʪʦʨʦʚ, ʠʩʪʠʨʘʶʱʠʡ ʧʦʤʦʣ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ KNN, ʯʝʤ ʧʦʤʦʣ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ. ʇʨʠ ʧʦʤʦʱʠ ʠʩʪʠʨʘʶʱʝʛʦ ʧʦʤʦʣʘ 

ʫʜʘʸʪʩʷ ʜʦʩʪʠʯʴ ʧʣʦʪʥʦʩʪʠ 98.5 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘ-

ʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʳ ʫʜʘʸʪʩʷ ʜʦʩʪʠʯʴ ʧʣʦʪʥʦʩʪʠ ʥʝ ʙʦʣʝʝ ʯʝʤ 94% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ [23]. 

ʆʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʥʠʦʙʘʪʥʳʭ ʢʝʨʘʤʠʢ ʪʘʢʞʝ ʠʤʝʝʪ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʢʩʠʜʘ ʥʠʦʙʠʷ [24]. 

ʉʧʝʢʘʥʠʝ ʥʠʦʙʘʪʦʚ ʥʘʪʨʠʷ-ʢʘʣʠʷ 

ɹʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠ ʛʦʪʦʚʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢ ʝʸ ʤʘʩʩʦʚʦʤʫ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʶ, ʦʙʳʯʥʘʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʆʂʊ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ 

ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢ ʩʠʩʪʝʤʳ KNN [25]. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ, ʢʦʛʜʘ ʜʝʣʦ 

ʜʦʭʦʜʠʪ ʜʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

(ʥʘʧʨʠʤʝʨ, ʤʥʦʛʦʩʣʦʡʥʳʝ ʘʢʪʶʘʪʦʨʳ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʆʂʊ ʚʦʦʙʱʝ ʥʝ ʠʤʝʝʪ ʘʣʴʪʝʨʥʘ-

ʪʠʚ, ʪʘʢ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ [11, 12, 18, 26] ʠʣʠ ʩʧʝʢʘʥʠʷ ʚ ʠʩʢʨʦʚʦʤ 

ʧʣʘʟʤʝʥʥʦʤ ʨʘʟʨʷʜʝ [27, 28] ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʫʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʵʣʝʢʪʨʦʜʦʚ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʤʝʞʜʫ ʩʣʦʸʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʚ ʵʪʠʭ ʠʟʜʝʣʠʷʭ. 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ KNN ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ (ʊʧʣ.) ʦʢʦʣʦ 1120
0
ʉ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢ. ɺ ʦʙʣʘʩʪʠ ʧʨʝʜʧʣʘʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʦʤʘʣʴʥʳʡ ʨʦʩʪ ʟʸʨʝʥ ʠ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʣʘʚʣʝʥʠʝ ʟʘ ʩʯʸʪ ʧʦʷʚʣʝʥʠʷ ʦʙ-

ʣʘʩʪʝʡ, ʦʙʦʛʘʱʸʥʥʳʭ ʢʘʣʠʝʤ, ʢʦʪʦʨʳʝ ʧʣʘʚʷʪʩʷ ʝʱʸ ʧʨʠ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ [16]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʧʨʠ ʩʧʝʢʘʥʠʠ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʣʦʪ-

ʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʣʘʥʘʨʥʦʡ ʤʦʜʳ 
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ʢʦʣʝʙʘʥʠʡ Kp) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʝʨʘʤʠʢ (ʨʠʩʫʥʦʢ 1.2). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʦʧʪʠʤʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʫʩʣʦʚʥʦ ʯʠʩʪʦʡ ʢʝʨʘʤʠʢʠ KNN (97,6%) 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 5 ʛʨʘʜʫʩʦʚ ʚ ʤʠʥʫʪʫ. ʆʜʥʘʢʦ, ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘ-

ʛʝʥʪʦʚ ʠ ʧʦʵʪʦʤʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. ʆʙʳʯʥʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʪʠʞʠʤʘʷ ʜʣʷ KNN ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 94% ʜʦ 96% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ [23]. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʣʦʪʥʦʩʪʠ ʠ Kp ʢʝʨʘʤʠʢʠ KNN ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʠ ʊʉʀʅʊ [16] 
 

ɻʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ (ʩʧʝʢʘʥʠʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ) (ɻʇ) ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʢʝʨʘʤʠʢ KNN ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʤʝ-

ʥʝʝ 96% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ. ɺ ʨʘʙʦʪʘʭ [11] ʠ [12] ʩʦʦʙʱʘʝʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʧʫʪʸʤ ʛʦʨʷʯʝʛʦ 

ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ KNN ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʧʣʦʪʥʦʩʪʠ ʚʳʰʝ 99% ʦʪ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ɻʇ ʢʝʨʘʤʠʢʘ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʪʦʥʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʯʸʥʥʦʡ ʧʦ ʆʂʊ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʶʪʩʷ ʵʣʝʢʪʨʦʬʠʟʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [26, 28]. 

ʉʧʝʢʘʥʠʝ ʚ ʭʦʣʦʜʥʦʤ ʠʩʢʨʦʚʦʤ ʧʣʘʟʤʝʥʥʦʤ ʨʘʟʨʷʜʝ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʩʧʝʢʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʪʦ ʝʩʪʴ ʣʫʯʰʝʛʦ ʫʧʣʦʪʥʝʥʠʷ ʢʝʨʘʤʠʢʠ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʨʦʩʪʝ ʟʸʨʝʥ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʢʝʨʘ-

ʤʠʢ ʥʘ ʦʩʥʦʚʝ KNN. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [27], ʩʧʝʯʸʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʤʝ-

ʪʦʜʘ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʣʠ ʧʣʦʪʥʦʩʪʴʶ 99% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʟʸʨʝʥ ʤʝʞʜʫ 

200 ʥʤ ʠ 500 ʥʤ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʧʴʝʟʦʤʦʜʫʣʠ (148 ʧʂʣ/ʅ) ʦʢʘʟʘʣʠʩʴ ʩʦʧʦʩʪʘʚʠ-

ʤʳ ʩ ʜʦʩʪʠʛʥʫʪʳʤʠ ʚ ɻʇ ʢʝʨʘʤʠʢʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʦʙʞʠʛ ʧʨʠ 900 Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʪʨʝʙʫʝʪ ʩʥʠʞʝʥʠʷ ʩʢʚʦʟʥʦʡ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʨʘʟʮʘ. 

ɾʠʜʢʦʬʘʟʥʳʤ ʩʧʝʢʘʥʠʝʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ [29], ʝʩʣʠ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ɾʌ ʥʠʦʙʘʪʳ ʢʘʣʠʷ-ʤʝʜʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ɾʌ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʩʪʫ-

ʧʘʪʴ ʦʢʩʠʜ ʢʘʜʤʠʷ, ʥʦ ʵʪʦʪ ʩʧʦʩʦʙ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʞʝ ʚʩʪʫʧʠʚʰʠʤʠ ʚ ʩʠʣʫ ʧʦʣʦʞʝʥʠʷʤʠ 
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RoHS ʠ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʘʚʠʣʘʤ, ʧʨʠʥʷʪʳʤ ʟʘ ʧʨʝʜʝʣʘʤʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ [23]. 

ʄʝʪʦʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ. ɺʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʥʠʦʙʘʪʦʚ ʥʘʪʨʠʷ-

ʢʘʣʠʷ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʝʛʥʝʪʦ-

ʵʣʝʢʪʨʠʢʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʚʚʝʜʝʥʠʷ ʥʝʙʦʣʴʰʠʭ (ʥʝ ʙʦʣʝʝ 10 ʘʪ.%) ʜʦʙʘʚʦʢ ʤʦʥʦʦʢʩʠʜʦʚ 

ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ) [30]. ɹʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʙʫ-

ʩʣʦʚʣʝʥʳ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʦʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʢʦʤʙʠ-

ʥʘʮʠʡ, ʩʧʦʩʦʙʥʳʭ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʩʣʦʞʥʳʭ ʦʢʩʠʜʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʉʕ ʦʢʩʠʜʘʭ ʩʦ ʩʪʨʫʢ-

ʪʫʨʦʡ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ (ʆʉʇ), ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʦʢʩʠʜʦʚ ʵʣʝ-

ʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʠʩʭʦʜʥʳʝ ʦʙʲʝʢʪʳ "ʧʣʘʚʥʠ" (B2O3, SiO2, V2O5), ʠ, 

ʥʘʢʦʥʝʮ, ʜʦʙʘʚʦʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜ-

ʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ɾʌ ʠ ʢʘʪʠʦʥ-ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʩʥʦʚʦʡ (ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ 

ʩʪʝʢʣʘ). ʅʝʩʦʤʥʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ: ʩʦʭʨʘʥʠʚ ʢʦʤʧʣʝʢʩ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠʮʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʠʭ ʩʦ-

ʩʪʘʚʘ ʠʟʙʠʨʘʪʝʣʴʥʦ ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɺ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ (ʫʣʫʯʰʝʥʠʷ) ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʠʬʠʮʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ "ʜʦʚʦʜʢʘ" ʠʭ ʜʦ 

ʮʝʣʝʚʳʭ ʟʥʘʯʝʥʠʡ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ. 

ʀʟʤʝʥʝʥʠʷ ʞʝ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʥʦʚʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʦʡʩʪʚ, ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʩʦ-

ʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʉ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʆʉʇ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʟʘʠʤʦʩʚʷʟʷʭ ʩʦ-

ʩʪʘʚ-ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʕ 

ʩʦʩʪʦʷʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʧʨʠʤʝʥʝʥʠʡ ï ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʘʪʦʤʥʦ-

ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦʡ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʥʠʷ ʉʕ ʆʉʇ. 

ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʟʫʯʝʥʦ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʠʝ ʊʈ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʎʊʉ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʘ-

ʤʦʡ ʩʠʩʪʝʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʥʳ. ɼʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦ ʦʙʩʣʝʜʦ-

ʚʘʥʳ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʝ ʊʈ. ɸʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʦʛʨʦʤʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʪʦʣʴʢʦ ʜʣʷ ʎʊʉ-ʩʠʩʪʝʤʳ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 300 ʚʘʨʠʘʥʪʦʚ 

ʩʦʯʝʪʘʥʠʡ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʦʢʩʠʜʦʚ) ʧʦʟʚʦʣʠʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʤʦ-
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ʜʠʬʠʢʘʪʦʨʳ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʠʪʴ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟ-

ʤʝʥʝʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [31]. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʙʳʣʘ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʩʝʛʥʝʪʦʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʉʇʂʄ) ʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʠʭ ʩʦʟʜʘʥʠʷ [32]. 

ɺʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʊʈ ʥʘ ʦʩʥʦʚʝ ʅʑʄ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [33-36]. ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʠʦʥʳ Pb
2+

 [37-40], Cd
2+

 [38-40], Mg
2+

 [41-44], Ca
2+

 [41-44], Sr
2+

 [41-44], Ba
2+

 [41-43], Bi
3+

 

[37], La
3+

 [37], Ti
4+

 [38-40], Ge
4+

 [38-40] ʥʘ ʩʚʦʡʩʪʚʘ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ (Na1-xKx)NbO3. 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ (Mg
2+

, Sr
2+

, La
3+

, Sb
3+
) ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʩʪʸʢʦʣ ʥʘ ʢʝ-

ʨʘʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʊʈ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ (Na1-xLi x)NbO3 ʨʘʩ-

ʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʘʭ [33, 45, 46]. 

ʄʦʜʠʬʠʢʘʪʦʨʳ KNN ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ 

ʤʦʜʠʬʠʢʘʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʧʝʢʘʥʠʠ ʠ ʥʝ ʤʝʥʷʶʱʠʝ ʬʘʟʦʚʫʶ 

ʜʠʘʛʨʘʤʤʫ ʩʠʩʪʝʤʳ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʴʝ-

ʟʦʤʦʜʫʣʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʚʷʟʠ. ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʤʦʜʠʬʠʢʘʪʦʨʳ, ʚʚʝʜʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ ʦʨʪʦʨʦʤ-

ʙʠʯʝʩʢʦʡ ʬʘʟʘʤʠ (200Áʉ ʚ ʯʠʩʪʦʤ KNN [9, 47]) ʙʣʠʞʝ ʠʣʠ ʜʘʣʴʰʝ ʦʪ ʢʦʤʥʘʪʥʦʡ. ɺ [48] ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʥʘ KNN ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝ-

ʥʠʝ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʠʤʝʝʪ ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʚʚʝʜʝʥʠʝʤ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚʣʠʷʥʠʝ ʥʘ ʧʴʝ-

ʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ KNN. ʕʪʦʪ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ [13, 49]. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʣʠʪʠʝʤ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ Li  KNN, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʤʝʱʝʥʠʝ ʩ ʦʨʪʦʨʦʤʙʠʯʝ-

ʩʢʦʛʦ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ (ʆ-ʊ) ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʊʘʢ, ʚ [4] ʘʚʪʦʨʳ, ʠʩʧʦʣʴʟʫʷ Li , Ta ʠ 

Sb ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʧʦʣʫʯʠʣʠ ʢʝʨʘʤʠʢʠ ʩ ʧʴʝʟʦʤʦʜʫʣʝʤ d33 Ó 200 ʧʂʣ/ʅ (ʙʝʟ ʪʝʢʩʪʫ-

ʨʠʨʦʚʘʥʠʷ) ʠ d33 > 300 ʧʂʣ/ʅ (ʧʨʠ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʠ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ 253Áʉ. ɺʧʦ-

ʩʣʝʜʩʪʚʠʠ ʵʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʚ [50-53]. ɼʦ ʨʘʙʦʪʳ [4] ʚ ʧʝʯʘʪʠ ʙʳʣʦ ʚʩʝʛʦ ʜʚʘ 

ʩʦʦʙʱʝʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ ʂNN ʣʠʪʠʡ-ʩʦʜʝʨʞʘʱʠʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘ-

ʤʠ [14, 54]. 

ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʨʘʙʦʪʳ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʛʦ ʥʘʧʦʣ-

ʥʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʢʝ-

ʨʘʤʠʢ [55]. ʆʙʳʯʥʦ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʶʪʩʷ ʚʝʣʠʯʠʥʳ d33 ʦʢʦʣʦ (200 õ 300) ʧʂʣ/ʅ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʂʶʨʠ 350Áʉ. ʇʨʠʙʘʚʢʘ ʚ 100 ʧʂʣ/ʅ ʚ ʧʴʝʟʦʤʦʜʫʣʝ ʦʙʳʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʥʘ 100 ʂ. 

ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ Li -ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (LiTaO3, 

LiNbO3, LiSbO3 ʠʣʠ ʪʦʣʴʢʦ Ta) ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʤʠʢʨʦ-
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ʩʪʨʫʢʪʫʨʳ ʚʘʨʠʘʮʠʝʡ ʫʩʣʦʚʠʡ ʩʧʝʢʘʥʠʷ. ɺʣʠʷʥʠʝ ʯʠʩʪʦʛʦ Sb2O3 ʥʘ ʩʚʦʡʩʪʚʘ ʂNN ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʦʧʠʩʘʥʦ. ʕʬʬʝʢʪʳ, ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ [4], ʚ ʮʝʣʦʤ, ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʝ-

ʤʫ: ʚʚʝʜʝʥʠʝ ʪʘʥʪʘʣʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʥʦʤʘʣʴʥʦʤʫ ʨʦʩʪʫ ʟʸʨʝʥ ʠ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʂʶʨʠ ʠ ʊ-ʆ ʧʝʨʝʭʦʜʦʚ. ʃʠʪʠʡ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʊ-ʆ ʧʝʨʝʭʦʜʘ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʧʨʠ ʚʚʝʜʝʥʠʠ 6 ʘʪ. % ʚ ɸ-ʧʦʜʨʝʰʸʪʢʫ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ ʟʘ 

ʩʯʸʪ ʫʧʣʦʪʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʧʴʝʟʦʤʦʜʫʣʷ ʜʦ 300 ʧʂʣ/ʅ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʂʶʨʠ 350Áʉ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ ʣʠʪʠʷ [56]. ɺʦʟʜʝʡʩʪʚʠʝ LiSbO3 

ʩʭʦʞʝ ʩ LiNbO3 ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʚʚʝʜʝʥʠʠ 1 ʤʦʣ. % ʩʤʝʩʪʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʊ-ʆ ʧʝʨʝʭʦʜʘ 

ʜʦ ʢʦʤʥʘʪʥʦʡ [57, 58]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ [4] ʦʙʥʘʜʸʞʠʚʘʶʪ, ʩʫʱʝʩʪʚʫʝʪ 

ʨʷʜ ʩʧʦʨʥʳʭ ʚʦʧʨʦʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʝʤ ʤʦʨʬʦʪʨʦʧʥʦʡ ʦʙ-

ʣʘʩʪʠ: ʧʦ ʜʘʥʥʳʤ [4] ʤʦʨʬʦʪʨʦʧʥʘʷ ʛʨʘʥʠʮʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ 5 ʤʦʣ % ʪʘʥʪʘʣʘʪʘ ʣʠ-

ʪʠʷ, ʧʦ ʙʦʣʝʝ ʧʦʟʜʥʠʤ ʜʘʥʥʳʤ ״ ʧʨʠ 6-7 ʤʦʣ % [14, 59]. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

[7, 8], ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʢʩʠʜʘ ʪʘʥʪʘʣʘ ʙʫʜʫʪ ʧʨʝʧʷʪ-

ʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ [7] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʚʜʦʣʴ ʆ-ʊ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝʨʥʦ ʥʘ 30 %. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʤʝʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤ ʯʘʩʪʳʡ 

ʧʨʦʛʨʝʚ (ʩʪʝʨʠʣʠʟʘʮʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ 140Áʉ). ɺʚʝʜʝʥʠʝ ʞʝ 6% ʣʠʪʠʷ 

ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [60]. ɺʚʝʜʝʥʠʝ ʝʱʸ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʠʪʠʷ, 

ʥʘʧʨʠʤʝʨ, 7% ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʆ-ʊ ʧʝʨʝʭʦʜʘ ʚ ʦʙʣʘʩʪʴ, 

ʣʝʞʘʱʫʶ ʥʠʞʝ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʫʩʪʨʘʥʷʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʆ-ʊ ʧʝʨʝʭʦʜʘ 

ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʠʪʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʴʝʟʦʩʚʦʡʩʪʚ ʜʦ ʫʨʦʚʥʷ, ʙʣʠʟʢʦʛʦ ʢ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʞʠʤʦʤʫ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦ-

ʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʪʘʢʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 480Áʉ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʸʤ ʦʪʩʫʪʩʪʚʫʶʪ ʥʝʞʝʣʘ-

ʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʚ ʊʈ ʩʠʩʪʝʤʳ ʎʊʉ 

[61]. ɸʚʪʦʨʳ [55] ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠʤʧʝʜʘʥʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʴʝʟʦʤʠʢʨʦʩʢʦʧʠʠ ʧʦʚʝʜʝʥʠʝ KNN, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʣʠʪʠʝʤ, ʠ 

ʦʙʥʘʨʫʞʠʣʠ ʫʩʠʣʝʥʠʝ ʧʴʝʟʦʢʦʥʪʨʘʩʪʘ ʚ ʦʙʣʘʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 6,5 % ʣʠʪʠʷ, ʯʪʦ, ʚʠʜʠ-

ʤʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʧʴʝʟʦʩʚʦʡʩʪʚ. ɺ ʨʘʙʦʪʝ [59] ʦʧʠʩʘʥʳ ʦʜʥʦʧʦʣʶʩʥʳʝ ʜʝʬʦʨ-

ʤʘʮʠʠ ʚ ʊʈ KNN, ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ ʙʣʠʟʢʠ ʢ ʠʟʚʝʩʪʥʳʤ ʜʣʷ ʎʊʉ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʳʪʘʣʠʩʴ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ d33, ʦʧʠʩʘʥʥʳʝ ʚ [4], ʦʜʥʘʢʦ, ʵʪʦ ʠʤ ʥʝ ʫʜʘʣʦʩʴ. 

ɺ ʨʘʙʦʪʝ [62] ʧʨʦʟʨʘʯʥʘʷ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʘʷ ʙʝʩʩʚʠʥʮʦʚʘʷ ʢʝʨʘʤʠʢʘ      

(K0,5Na0,5)1-xLi xNb1-xBixO3 ʧʦʣʫʯʝʥʘ ʩʧʝʢʘʥʠʝʤ ʤʝʪʦʜʦʤ ɻʇ. ɺʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʧʦʜʘʚ-
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ʣʝʥʠʷ ʨʦʩʪʘ ʟʸʨʝʥ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʣʠʪʠʝʤ ʠ ʚʠʩʤʫʪʦʤ, ʦʙʳʯʥʦ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʧʣʦʪʥʘʷ, ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʙʣʠʟʢʦʡ ʢ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʦʧʪʠ-

ʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʥʘ ʟʸʨʥʘʭ, 

ʠʭ ʛʨʘʥʠʮʘʭ, ʜʦʤʝʥʥʳʭ ʩʪʝʥʢʘʭ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʪʴ ʦʧʪʠʯʝʩʢʫʶ ʧʨʦʟʨʘʯ-

ʥʦʩʪʴ ʢʝʨʘʤʠʢ. ɼʣʷ ʢʝʨʘʤʠʢʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 5 ʤʦʣ. % ʫʢʘʟʘʥʥʳʭ ʠʦʥʦʚ, ʦʧʪʠʯʝ-

ʩʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 60 % ʚ ʦʙʣʘʩʪʠ, ʙʣʠʟʢʦʡ ʢ ʠʥʬʨʘʢʨʘʩʥʦʡ. ʂʝʨʘʤʠʢʘ ʦʙʣʘ-

ʜʘʣʘ ʪʘʢʞʝ ʚʳʩʦʢʠʤ ʣʠʥʝʡʥʳʤ ʣɻʝʢʪʨʦʦʧʪʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 

ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʣʠʷʥʠʝ Li  ʠ La ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝ-

ʨʘʤʠʢʠ ʠʟʫʯʝʥʦ ʚ [63]. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʟʮʳ ʦʙ-

ʣʘʜʘʶʪ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʤ ʠʩʢʘʞʝʥʠʝʤ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʣʠʰʴ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʠ ʧʦʩʪʦʨʦʥʥʝʡ ʬʘʟʳ (K6Li 4Nb10O30 ï 3 %). ʊʝʤ-

ʧʝʨʘʪʫʨʘ ʉʕ-ʇʕ ʧʝʨʝʭʦʜʘ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. ɼʦʧʠ-

ʨʦʚʘʥʥʘʷ ʣʘʥʪʘʥʦʤ ʢʝʨʘʤʠʢʘ ʦʙʣʘʜʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʪʘʥʛʝʥʩʦʤ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 350 Áʉ. ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʂʶʨʠ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʪʠʷ 

ʠ ʣʘʥʪʘʥʘ. ɹʦʣʝʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʸ ʙʦʣʝʝ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʨʘʟʤʳʪʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʦʩʣʘʙʣʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʨʘʙʦʪʝ [64] ʠʟʫʯʝʥʦ ʚʨʝʤʝʥʥʦʝ ʩʪʘʨʝʥʠʝ ʢʝʨʘʤʠʢ, ʚ [65] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ (K0,5Na0,5)0,97Bi0,01(Nb1-

xZrx)O3. ʕʪʘ ʢʝʨʘʤʠʢʘ ʧʦʣʫʯʝʥʘ ʧʦ ʦʙʳʯʥʦʡ ʪʚʝʨʜʦʬʘʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʉʪʨʫʢʪʫʨʘ ʢʝʨʘ-

ʤʠʢʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʢʦʥʪʝʢʩʪʝ ʚʣʠʷʥʠʷ ʥʘ ʥʝʸ ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʷ: ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʝʨʘʤʠʢʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʧʩʝʚ-

ʜʦʢʫʙʠʯʝʩʢʦʡ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʬʘʟʫ. ʃʫʯʰʠʝ ʧʴʝʟʦʩʚʦʡʩʪʚʘ ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʢʝʨʘʤʠ-

ʢʠ, ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʧʨʠ 100Áʉ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʩʫʱʝʩʪʚʫʶʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʠ 

ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʬʘʟʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʦʧʠʨʦʚʘʥʠʠ ʮʠʨʢʦʥʠʝʤ ʧʴʝʟʦʩʚʦʡʩʪʚʘ ʫʣʫʯ-

ʰʘʶʪʩʷ ʠ ʜʦʩʪʠʛʘʶʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Zr 0.02 ʤʦʣ. % 

(d33=161 ʧʂʣ/ʅ, Kp = 0.41, Qm=81, ʊʩ = 370Áʉ, ʊʪ-ʦ=130Áʉ). 

ʉʦʝʜʠʥʝʥʠʷ ʤʝʜʠ 

ʉʦʝʜʠʥʝʥʠʷ ʤʝʜʠ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʭ ʚ 

ʬʦʨʤʝ, ʥʘʧʨʠʤʝʨ, K4Cu(Nb/Ta)8O23 [66, 67]. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ 

ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,5%, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʧʴʝʟʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [67]. ɺʚʝʜʝʥʠʝ CuO ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘ-

ʥʠʷ ʜʦ ʤʝʥʝʝ 950
0
ʉ [68, 69]. ʄʝʜʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʙʦʣʝʝ 



21 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ KNN ʠ ʧʦʣʫʯʘʣʠ ʩʭʦʞʠʡ ʵʬʬʝʢʪ [69-71]. ɺʣʠʷʥʠʝ CuO ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢ ʠʟʫʯʝʥʦ ʠ ʚ ʨʘʙʦʪʘʭ [6, 71]. ɺ 

ʧʨʝʜʝʣʘʭ ʠʟʫʯʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʚʝʜʝʥʠʝ ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʉʕ ʠ ʊ-ʆ ʧʝʨʝʭʦʜʦʚ. 

ɼʚʦʡʥʦʡ ʥʠʦʙʘʪ ʤʝʜʠ CuNb2O6 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʚʥʳʭ ʛʨʫʧʧ ʤʘʪʝʨʠʘʣʦʚ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʳʭ ʚ ʧʦ-

ʩʣʝʜʥʠʝ ʛʦʜʳ, ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʊʈ ʥʘ ʦʩʥʦʚʝ ʅʑʄ ʩ ʫʯʘʩʪʠʝʤ ʜʚʦʡʥʦʛʦ 

ʥʠʦʙʘʪʘ ʤʝʜʠ [72-74]. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʳ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʤʝ-

ʭʘʥʠʯʝʩʢʘʷ ʜʦʙʨʦʪʥʦʩʪʴ Qm > 1000 ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ Kp > 0.42, 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʚ ʛʝʥʝʨʘʪʦʨʘʭ ʫʣʴʪʨʘʟʚʫʢʘ, ʦʙʳʯʥʦ ʧʨʠʤʝʥʷ-

ʝʤʳʭ ʚ ʤʝʜʠʮʠʥʝ (ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʭʠʨʫʨʛʠʷ, 

ʧʨʦʪʝʟʠʨʦʚʘʥʠʝ [72]) ʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ [73-76]. ɸʚʪʦʨʳ ʨʘʙʦʪ ʩʚʷʟʳʚʘʶʪ ʥʘʙʣʶʜʘʝʤʳʝ 

ʵʬʬʝʢʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɾʌ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ. ʆʜʥʘʢʦ, ʩʪʦʣʴ ʚʳ-

ʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Qm ʥʘʙʣʶʜʘʣʠʩʴ ʣʠʰʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CuNb2O6, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʨʦʝʥʠʷ ʠʤʝʥʥʦ 

ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʊʈ ʩʠʩʪʝʤʳ (1-x)NaNbO3 ï xCu0,5NbO3 ʫʞʝ ʧʨʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʤ x, ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ: ʦʙʨʘʟʫʶʪʩʷ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ 

[77], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʨʘʡʥʝ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʊʈ. 

ʊʠʪʘʥʘʪʳ ʠ ʮʠʨʢʦʥʘʪʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

ɺ [78-80] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʪʠʪʘʥʘʪʘ ʢʘʣʴʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘ-

ʥʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʫʩʪʘʣʦʩʪʴ ʚ ʊʈ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʂNN ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʚʝʜʝʥʠʝ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʚ ʂNN ʠʥʠʮʠʠʨʫʝʪ ʨʝʣʘʢʩʦʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʊʈ [14, 

78, 79, 81] ʩ ʚʳʩʦʢʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ (ʩʚʳʰʝ 3000 ʜʣʷ ʪʠʪʘʥʘʪʘ ʠ 

ʩʚʳʰʝ 5000 ʜʣʷ ʮʠʨʢʦʥʘʪʘ ʩʪʨʦʥʮʠʷ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʘʢʘʷ ʢʝʨʘʤʠʢʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ, ʯʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʣʘʥʪʘʥʦʤ ʢʝ-

ʨʘʤʠʢʘ ʩʠʩʪʝʤʳ ʎʊʉ. ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʂNN     

BiScO3 [79, 80]. ʕʪʦʪ ʨʝʣʘʢʩʦʨʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʊʈ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ  

CaTiO3 [80, 81], ʥʦ ʚʳʨʘʞʝʥ ʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ, ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ 

ʪʘʢʠʭ ʢʝʨʘʤʠʢʘʭ ʥʝ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʙʦʣʝʝ 1000. 

ɺ [82] ʤʦʨʬʦʪʨʦʧʥʘʷ ʬʘʟʦʚʘʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘ-

ʟʘʤʠ ʚ ʊʈ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ SrTiO3, ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʙʣʘʩʪʠ ʩ 4% ʩʦʜʝʨʞʘʥʠʷ ʤʦʜʠʬʠʢʘ-

ʪʦʨʘ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʊʈ ʦʙʣʘʜʘʶʪ ʧʴʝʟʦʤʦʜʫʣʝʤ d33 

ʦʢʦʣʦ 100 ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʚʷʟʠ Kp ʦʪ 0.266 ʜʦ 0.325 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʢʦ ʩʥʠʞʘʶʱʝʡ-

ʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʚ 
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ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ [83], ʛʜʝ KNN ʩ 6% ʣʠʪʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʪʠʪʘʥʘʪʦʤ ʩʪʨʦʥ-

ʮʠʷ. ʆ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʧʴʝʟʦʤʦʜʫʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 0,5% ʪʠ-

ʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʚ KNN ʩʦʦʙʱʘʶʪ ʚ [81]. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ 

(98.4%), ʚʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʂʨ, ʊʩ ʠ d33 ʩʥʠʞʘʶʪʩʷ ʥʘ (5 õ 15) %. 

ɺ [84] ʙʝʩʩʚʠʥʮʦʚʘʷ ʢʝʨʘʤʠʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʪʠʪʘʥʘʪʘ ʢʘʣʴʮʠʷ ʙʳʣʘ ʠʟ-

ʛʦʪʦʚʣʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʊʈ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʜʦʙʘʚʦʢ ʜʦ 7 ʤʦʣ %. ɸʥʘʣʠʟ ʟʘʚʠʩʠ-

ʤʦʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦ-

ʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘʪʘ ʢʘʣʴʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʠ ʊ-ʆ ʧʝʨʝʭʦʜʘ ʤʦʥʦʪʦʥʥʦ ʩʥʠʞʘʶʪʩʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʨʬʦʪʨʦʧʥʘʷ ʬʘʟʦʚʘʷ ʛʨʘʥʠʮʘ ʚ ʠʟʫʯʝʥʥʦʡ ʩʠʩʪʝʤʝ (KNN-CT) ʨʘʩʧʦʣʦ-

ʞʝʥʘ ʧʨʠ ʭ = 0.03 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʩʪʘʚʳ ʦʙʣʘʜʘʶʪ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʚʳ-

ʩʦʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (98% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ) ʩ ʨʘʟʤʝʨʦʤ ʟʸʨʝʥ (1-2) ʤʢʤ, 

ʧʨʝʢʨʘʩʥʳʤʠ ʧʴʝʟʦʩʚʦʡʩʪʚʘʤʠ ״ d33 = 117 ʧʂʣ/ʅ, Kp = 0.39, Pr = 21ʤʢʂʣ/ʩʤ
2
, ʊʩ = 333Áʉ. 

ɺ [85] ʙʝʩʩʚʠʥʮʦʚʘʷ ʢʝʨʘʤʠʢʘ Na1/2K1/2NbO3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʱʝʣʦʯʥʦʟʝʤʝʣʴ-

ʥʳʤʠ ʤʝʪʘʣʣʘʤʠ Ca
2+

 ʠ Ba
2+
, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢ-

ʮʠʡ. ɼʠʩʢʠ, ʜʦʧʠʨʦʚʘʥʥʳʝ (0õ2) ʤʦʣ.% ʙʘʨʠʷ ʠ ʢʘʣʴʮʠʷ, ʩʧʝʢʘʣʠʩʴ ʧʨʠ 1125Áʉ ʚ ʪʝʯʝʥʠʝ 

2 ʯʘʩ. ɸʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʙʦʣʝʝ 0.5 ʤʦʣ% ʱʝʣʦʯʥʦ-

ʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʨʘʟʤʝʨʦʚ ʟʸʨʝʥ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʚ ʮʝʣʦʤ. ɺʚʝʜʝʥʠʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʜʦʙʘʚʦʢ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 0.5 ʤʦʣ. % ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝ-

ʣʠʯʝʥʠʶ ʩʝʛʥʝʪʦʤʷʛʢʦʩʪʠ ʢʝʨʘʤʠʢ (ʨʦʩʪʫ ʧʴʝʟʦʤʦʜʫʣʷ ʠ ʩʥʠʞʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ), 

ʥʦ ʧʨʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʫʭʫʜʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʏʠʩʪʦ ʵʣʝʢʪʨʦʩʪʨʠʢʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʧʠʩʘʥʦ ʚ ʊʈ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 15% ʠ 

ʙʦʣʝʝ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ [86]. ʕʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ KNN ʩ 20% ʪʠʪʘʥʘʪʘ ʩʪʨʦʥ-

ʮʠʷ ʠʟʫʯʝʥʳ ʚ [87]. ɺ ʵʪʠʭ ʊʈ ʫʩʪʘʥʦʚʣʝʥʘ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʨʝʣʘʢʩʦʨʥʦʝ 

ʧʦʚʝʜʝʥʠʝ [78, 79]. ʉʤʝʰʠʚʘʥʠʝ ʩ 33% ʮʠʨʢʦʥʘʪʘ ʩʪʨʦʥʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʦʜʥʦʬʘʟʥʦʛʦ ʉʕ-ʨʝʣʘʢʩʦʨʘ [88]. 

ɺ [89] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʦʚ ʠʟ ʦʙʣʘʩʪʠ ʩʦʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳ-

ʰʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ KNN. ɼʦʙʘʚʢʠ ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ ʠ 

ʪʘʥʪʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʩʩʚʠʥʮʦʚʦʡ ʢʝʨʘʤʠʢʠ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʩʪʘʚʘ (1-x)K0.48Na0.52(Nb0.95Ta0.05)O3-xBaZrO3 [(1-x)KNNT-xBZ] ʟʘ ʩʯʸʪ ʠʟ-

ʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʠ ʦʨʪʦʨʦʤʙʠʯʝ-

ʩʢʘʷ ʬʘʟʳ ʩʦʩʫʱʝʩʪʚʫʶʪ ʚ ʠʥʪʝʨʚʘʣʝ ʭ ʦʪ 0.05 ʜʦ 0.07. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʘʪʘ 

ʩʪʨʦʥʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʆ-ʊ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʘ ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ, ʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʂʝʨʘʤʠʢʘ ʩ ʭ=0.06 ʦʙʣʘʜʘ-
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ʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (d33 = 193 ʧʂʣ/ʅ ʠ Kp = 32.6 %), 

ʪʘʢ ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʙʣʘʜʘʝʪ ʧʣʦʪʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ.  

ɺ [90] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ Ba0,8Ca0,2ZrO3 ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ 

ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢ KNN. ɹʝʩʩʚʠʥʮʦʚʘʷ ʢʝʨʘʤʠʢʘ (1-ʭ)K0,5Na0,5NbO3-xBa0,8Ca0,2ZrO3 ʧʦʣʫ-

ʯʝʥʘ ʦʙʳʯʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ Ba0,8Ca0,2ZrO3 ʥʘ ʝʸ ʩʪʨʫʢʪʫʨʫ 

ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʉʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ 

ʬʘʟ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʠʥʪʝʨʚʘʣʝ ʭ ʦʪ 0.04 ʜʦ 0.08. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Ba0,8Ca0,2ZrO3 

ʨʘʟʤʝʨ ʟʸʨʝʥ ʢʝʨʘʤʠʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ. ʆʧʪʠʤʘʣʴ-

ʥʳʝ ʧʴʝʟʦʩʚʦʡʩʪʚʘ (d33 = 197ʧʂʣ/ʅ, Kp = 40.6%) ʧʦʣʫʯʝʥʳ ʚ ʩʦʩʪʘʚʘʭ, ʣʝʞʘʱʠʭ ʚ ʜʚʫʭ-

ʬʘʟʥʦʡ ʦʙʣʘʩʪʠ. 

ʊʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ BST ʠ ʜʨʫʛʠʤʠ ʪʠʪʘʥʘʪʘʤʠ 

ʅʠʦʙʘʪ ʥʘʪʨʠʷ-ʢʘʣʠʷ ʦʙʣʘʜʘʝʪ ʤʦʨʬʦʪʨʦʧʥʦʡ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ʦʨʪʦʨʦʤ-

ʙʠʯʝʩʢʦʡ ʠ ʪʝʪʝʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʘʤʠ ʚ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʪʠʪʘʥʘʪʘʤʠ ʩʚʠʥʮʘ, ʩʪʨʦʥʮʠʷ 

ʠ ʙʘʨʠʷ ʧʨʠ ʠʭ ʩʦʜʝʨʞʘʥʠʠ ʧʨʠʤʝʨʥʦ 5%. ɺ ʩʠʩʪʝʤʝ ʩ ʪʠʪʘʥʘʪʦʤ ʙʘʨʠʷ ʤʦʨʬʦʪʨʦʧʥʘʷ 

ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 6% ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ. ʇʨʝʜʝʣ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʪʠʪʘʥʘʪʘ 

ʙʘʨʠʷ ʦʙʥʘʨʫʞʝʥ ʚ ʦʙʣʘʩʪʠ 20%. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʥʠʞʘʶʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʘ ʟʸʨʝʥ ʚ ʵʪʠʭ ʩʦʩʪʘʚʘʭ ʦʧʠʩʘ-

ʥʦ ʚ [91] ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ [92], ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʪʠʚʦʨʝʯʠʪ ʨʝʟʫʣʴʪʘʪʘʤ [93]. ʊʈ 

ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ KNN ʩ ʪʠʪʘʥʘʪʦʤ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ (ʊNɺ) ʷʚʣʷʶʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʤʠ 

ʜʦ 2% ʊNɺ, ʟʘʪʝʤ ʪʝʪʨʘʛʦʥʘʣʴʥʳʤʠ ʜʦ 9% ʊNɺ ʠ ʢʫʙʠʯʝʩʢʠʤʠ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʭ. ɺ ʤʦʨʬʦʪʨʦʧʥʳʭ ʩʦʩʪʘʚʘʭ ʩ 2% ʊNɺ d33 ʩʦʩʪʘʚʣʷʝʪ 195 ʧʂʣ/ʅ, ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʂʶʨʠ 395Áʉ [94-95]. ʊNɺ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʷʚʣʝʥʠʶ ʨʝʣʘʢʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʩ ʥʠʟ-

ʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ɼʣʷ ʊʈ KNN ʩ ʪʠʪʘʥʘʪʦʤ ʙʘʨʠʷ, ʘ ʪʘʢʞʝ ʜʚʦʡʥʳʤʠ ʪʠʪʘʥʘʪʘʤʠ ʥʘʪʨʠʷ-ʚʠʩʤʫʪʘ ʠ 

ʢʘʣʠʷ-ʚʠʩʤʫʪʘ ʭʘʨʘʢʪʝʨʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʥʝ ʧʨʝʚʳʰʘʶ-

ʱʠʝ 0.15, ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʥʝ ʚʳʰʝ 100Áʉ [96-98]. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʚʝʜʝ-

ʥʠʝ ʦʢʩʠʜʦʚ ʚʠʩʤʫʪʘ ʠ ʩʢʘʥʜʠʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʩʝʚʜʦ- ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ 

ʧʨʠ ʵʪʦʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʦʩʪʘʶʪʩʷ 

ʥʠʞʝ 200 Áʉ [98]. ɼʣʷ ʩʠʩʪʝʤʳ ʥʠʦʙʘʪ ʢʘʣʠʷ ï ʪʠʪʘʥʘʪ ʙʘʨʠʷ ʭʘʨʘʢʪʝʨʥʦ ʨʝʣʘʢʩʦʨʥʦʝ 

ʧʦʚʝʜʝʥʠʝ [99]. ʉʦʦʙʱʘʝʪʩʷ [100], ʯʪʦ 5 ʤʦʣ .% ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ KNN ʚr -

ʟʳʚʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʦʨʬʦʪʨʦʧʥʦʡ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ. ʉʧʝʢʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʫʣʫʯʰʘʝʪʩʷ ʟʘ ʩʯʸʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1060 Áʉ ɾʌ ʥʦ ʵʪʦ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʳʤ ʨʦʩʪʦʤ ʟʸʨʝʥ [92]. ʉʤʝʰʠʚʘʥʠʝ ʩ ʜʨʫʛʠʤʠ ʩʝ-

ʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʠʭ ʩʦʜʝʨʞʘʥʠʠ, ʥʘʧʨʠʤʝʨ, BiFeO3, 

Bi1/2K1/2TiO3, BNT, ʠʣʠ BT ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʷʚʣʝʥʠʶ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʦ-
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ʩʪʘʚʦʚ ʥʘ ʛʨʘʥʠʮʝ ʆ-ʊ ʧʝʨʝʭʦʜʘ, ʥʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʬʘʟʦʚʳʭ ʛʨʘʥʠʮ. 

ɼʨʫʛʠʝ ʤʦʜʠʬʠʢʘʪʦʨʳ ʅʑʄ 

ʆʢʩʠʜ ʩʝʨʝʙʨʘ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʩʝʨʝʙʨʦ ʚ ʬʦʨʤʝ ʊʈ Ag(Nb/Ta)O3, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠ-

ʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʂNN, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ Li , Ta ʠ Sb, ʧʨʠʯʸʤ ʙʦʣʝʝ ʩʠʣʴʥʦ-

ʤʫ, ʯʝʤ ʧʨʠ ʚʚʝʜʝʥʠʠ LiNbO3, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʆ-ʊ ʧʝʨʝ-

ʭʦʜʘ [101-103]. ɿʘʤʝʱʝʥʠʝ 30 ʘʪ.% ʥʠʦʙʠʷ ʪʘʥʪʘʣʦʤ ʫʩʠʣʠʚʘʝʪ ʵʣʝʢʪʨʦʩʪʨʠʢʮʠʶ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ 0,11 % ʦʜʥʦʧʦʣʷʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 4 ʢɺ/ʤʤ. ʄʘʨʛʘʥʝʮ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʫʤʝʥʴʰʘʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ Qm ʠ Kp [104]. 

ɼʦʧʠʨʦʚʘʥʠʝ 0.5 ʤʦʣ. % ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʨʦʥʮʠʡ ʠ 

ʢʘʣʴʮʠʡ ʫʣʫʯʰʘʶʪ ʩʧʝʢʘʝʤʦʩʪʴ ʢʝʨʘʤʠʢ, ʘ ʦʢʩʠʜ ʤʘʛʥʠʷ, ʥʘʧʨʦʪʠʚ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʡ. 

ɺʩʝ ʦʥʠ ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʆ-ʊ ʧʝʨʝʭʦʜʘ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʦʢʩʠʜ ʙʘʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʠʤʝʩʥʳʭ ʬʘʟ, ʘ ʤʘʛʥʠʡ ʩʥʠʞʘʝʪ ʦʪʥʦʩʠʪʝʣʴ-

ʥʫʶ ʧʣʦʪʥʦʩʪʴ ʩʠʣʴʥʝʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. 

ʆʢʩʠʜ ʮʠʥʢʘ ʠ ʜʠʦʢʩʠʜ ʦʣʦʚʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʧʝʢʘʥʠʶ, ʘ ʦʢʩʠʜʳ ʚʦʣʴʬʨʘʤʘ, ʦʣʦ-

ʚʘ, ʩʢʘʥʜʠʷ ʠ ʮʝʨʠʷ ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ ʟʸʨʝʥ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʨʦʤʝ ʜʠʦʢ-

ʩʠʜʘ ʦʣʦʚʘ, ʧʨʝʧʷʪʩʪʚʫʶʪ ʫʧʣʦʪʥʝʥʠʶ ʢʝʨʘʤʠʢ [23]. ʆʜʥʘʢʦ, ʚ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [105], 

ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʦʢʩʠʜ ʮʠʥʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʣʦʪʥʝʥʠʶ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʯʘʩʪʦ ʚʩʪʨʝ-

ʯʘʶʱʝʤʫʩʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʢʝʨʘʤʠʢ KNN. ʂʘʢ ʫʢʘʟʘʥʦ ʚ [106], ʮʠʨʢʦʥʠʡ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʨʦʩʪʫ ʟʸʨʝʥ. ʆʢʩʠʜ ʙʦʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʬʘʟʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʂNN ʧʨʠ ʚʳ-

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [107], ʭʦʪʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ. ʆʢʩʠʜ 

ʞʝʣʝʟʘ ʠ ʬʝʨʨʠʪ ʣʘʥʪʘʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʯʠʩʪʦʛʦ 

ʥʠʦʙʘʪʘ ʢʘʣʠʷ [108-110]. 

ɺ ʨʘʙʦʪʝ [111] ʢʝʨʘʤʠʢʘ (K0,5Na0,5)0,95Li 0,05Sb0,05Nb0,95O3 ʧʦʣʫʯʝʥʘ ʧʦ ʆʂʊ. ʊʈ ʫʢʘ-

ʟʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʦʙʣʘʜʘʣʠ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʳʤ ʠʩʢʘʞʝʥʠʝʤ 

ʧʨʠ ʭ<0.0075 ʠ ʩ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʠʤ ʧʨʠ ʭ=0.010. ʊʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʫʤʝʥʴʰʘʣʘʩʴ ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ SmAlO3. ɹʦʣʝʝ ʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʘʣʶʤʠʥʘʪʘ ʩʘʤʘʨʠʷ ʧʨʠʚʝʣʦ ʢ ʟʥʘ-

ʯʠʪʝʣʴʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ ʩʧʝʢʘʥʠʷ. ʂʝʨʘʤʠʢʘ ʩ ʭ=0.005 ʦʙʣʘʜʘʣʘ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (d33 = 226 ʧʂʣ/ʅ, Kp = 38%, ʪʘʥʛʝʥʩ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 3 %, Qm = 60, ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ 327Áʉ) ʠ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʢʘʥʜʠʜʘʪʫʨʫ ʜʣʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ [112] ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʢʝʨʘʤʠʢʠ (Na,K)NbO3-LiTaO3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ Ag. ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦ-

ʤʦʱʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʆʂʊ ʩʧʝʢʘʥʠʷ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʘ ʫʢʘʟʘʥʥʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʝʨʘʤʠʢ, ʦʙʦʞʞʸʥʥʳʭ ʚ ʠʥʪʝʨ-
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ʚʘʣʝ ʦʪ 750ÁC ʜʦ 950Áʉ, ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʩʢʘʥʠ-

ʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʟʫʯʘʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 1 ʢɻʮ õ 1ʄɻʮ. 

ɺ ʨʘʙʦʪʝ [113] ʢʝʨʘʤʠʢʘ 0,992(0,95K0,5Na0,5NbO3-0,05LiSbO3)-0,008BiScO3 (KNN-

LS-BS) ʙʳʣʘ ʫʩʧʝʰʥʦ ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʚ 

ʦʙʨʘʟʮʘʭ, ʦʙʦʞʞʸʥʥʳʭ ʧʨʠ 700Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩ. ʆʙʨʘʟʮʳ ʦʙʣʘʜʘʣʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʆʜʥʘʢʦ ʦʙʨʘʟʮʳ, ʩʧʝʯʸʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 1025ÁC ʜʦ 1100Áʉ, ʦʙʣʘ-

ʜʘʣʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʤ ʠʩʢʘʞʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʝʯʸʥʥʳʭ 

ʢʝʨʘʤʠʢ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʸʨʥʘʤʠ ʢʚʘʜʨʘʪʥʦʡ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʘ ʨʘʟʤʝʨ 

ʟʸʨʝʥ ʫʚʝʣʠʯʠʚʘʣʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʢʝʨʘʤʠʢ ʫʚʝʣʠʯʠʚʘʣʘʩʴ 

ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʜʦ 1075Áʉ ʠ ʩʦʩʪʘʚʠʣʘ ʚ ʵʪʦʡ ʪʦʯʢʝ 97.5% ʦʪ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʥʘʠʙʦʣʝʝ 

ʧʣʦʪʥʦʡ ʢʝʨʘʤʠʢʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʝʢʨʘʩʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʩʣʝ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʚʥʘ 6600 (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʂʶʨʠ), 

tgŭ = 0,04 (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʂʶʨʠ), ʦʩʪʘʪʦʯʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʨʘʚʥʘ 19.4 ʤʢʂʣ/ʩʤ
2
 ʠ ʢʦʵʨ-

ʮʠʪʠʚʥʦʝ ʧʦʣʝ ʨʘʚʥʦ 24.1 ʢɺ/ʩʤ (ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ 40 ʢɺ/ʩʤ). 

ɺ ʨʘʙʦʪʘʭ [114-115], ʥʘ ʧʨʠʤʝʨʝ ʢʝʨʘʤʠʢ Li 0,08(Na0.52+xK0,48)0,92NbO3, ʠʟʫʯʝʥʘ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʠʤʦʨʬʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʤʝʞʜʫ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ ʦʨʪʦ-

ʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʦʡ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ. ʈʦʩʪ ʟʸʨʝʥ ʫʩʢʦʨʷʣʩʷ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʜʦʙʘʚʦʢ ʥʘʪʨʠʷ, ʧʨʠʚʦʜʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʟʸʨʝʥ ʩ (2-3) ʤʢʤ ʜʦ (7-8) ʤʢʤ 

ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʠʤʦʜʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʭ = 0,015-0,04. ʆʧʪʠʤʘʣʴʥʳʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʩʪʘʚʠʣʠ d33 = 226 ʧʂʣ/ʅ ʠ Kp = 36.8% ʚ ʦʙʨʘʟʮʘʭ ʩ 

ʭ = 0.04. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ, ʦʩʪʘʪʦʯʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʠ ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ ʩʦ-

ʩʪʘʚʠʣʠ 468Áʉ, 25.5 ʤʢʂʣ/ʩʤ
2
 ʠ 1.2 ʢɺ/ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʆ-ʊ ʧʝ-

ʨʝʭʦʜʘ: ʚʚʝʜʝʥʠʝ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʵʬʬʝʢ-

ʪʫ. ʅʝʤʥʦʛʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, LiNbO3 ʠ AgNbO3, ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʠʰʴ ʫʚʝʣʠʯʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ KNN, ʦʙʨʘʟʫʷ ʯʠʩʪʦ ʪʝʪʨʘʛʦʥʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʟʘʚʝʜʦ-

ʤʦ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʦʠʣʣʶʩʪʨʠ-

ʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʦʣʦʞʝʥʠʷ ʊ-ʆ ʧʝʨʝʭʦʜʘ ʥʘ ʚʝʣʠʯʠʥʫ d33. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʴʝʟʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʶʪʩʷ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʊ-ʆ ʧʝʨʝʭʦʜʘ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ (30 õ 50) ʛʨʘʜʫʩʦʚ ʧʨʝʚʦʩʭʦʜʠʪ ʝʛʦ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. 

ʉʤʝʩʠ ʩ ʜʨʫʛʠʤʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤʠ ʠ ʊʈ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʭʘʨʘʢʪʝʨʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʴʝʟʦʩʚʦʡʩʪʚ ʦʪ ʧʦʣʦʞʝʥʠʷ ʊ-ʆ ʧʝʨʝʭʦʜʘ. 
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ʈʠʩʫʥʦʢ 1.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʴʝʟʦʤʦʜʫʣʷ d33 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ-ʆ ʧʝʨʝʭʦʜʘ ʚ KNN, ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʥʦʤ ʣʠʪʠʝʤ [115, 117] 
 

ʊʝʢʩʪʫʨʠʨʦʚʘʥʠʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʫʚʝʣʠʯʝʥʠʷ 

ʧʴʝʟʦʩʚʦʡʩʪʚ, ʙʝʟ ʫʩʣʦʞʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ. 

ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʴʝʟʦʤʦʜʫʣʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʊ-ʆ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ 55ÁC ʠ 70Áʉ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʩ ʪʝʪ-

ʨʘʛʦʥʘʣʴʥʦʡ ʩʪʦʨʦʥʳ ʧʴʝʟʦʤʦʜʫʣʴ ʩʥʠʞʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ. ɹʦʣʴʰʦʡ 

ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥ ʩ ʚʦʣʴʥʦʡ ʪʨʘʢʪʦʚʢʦʡ ʪʝʨʤʠʥʘ çʢʦʤʥʘʪʥʘʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘè ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʤʠʨʘ, ʧʦʜ ʢʦʪʦʨʳʤ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 17ÁC ʜʦ 30Áʉ [118]. 

ʈʘʟʨʘʙʦʪʢʘ ʙʝʩʩʚʠʥʮʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʈʦʩʩʠʠ (ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ) 

ɺ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ ʫʞʝ ʙʦʣʝʝ 40 ʣʝʪ ʚʝʜʸʪʩʷ ʨʘʙʦʪʘ ʧʦ ʧʦʠʩʢʫ, ʠʟʫʯʝʥʠʶ ʠ ʩʦʟʜʘ-

ʥʠʶ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʩʚʠʥʝʮ ʊʈ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʫʯʘʩʪʠʝʤ ʅʑʄ 

[33]. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 

ʇʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʝʝ 100 n-ʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ (ʙʦʣʝʝ 

4 ʪʳʩʷʯ ʩʦʩʪʘʚʦʚ). ʋʩʪʘʥʦʚʣʝʥʘ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʤʦʨʬʦʣʦʛʠʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʥʘʟʚʘʥ-

ʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʘʷ ʦʛʨʦʤʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʣʠʤʦʨʬʥʳʭ ʠ ʤʦʨʬʦʪʨʦʧʥʳʭ ʬʘʟʦ-

ʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ; ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚ-

ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʘ-ʧʨʠʤʝʥʝʥʠʝ; ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʨʠ ʠʟʦ- ʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʭ ʟʘʤʝʱʝʥʠʷʭ ʠʦʥʦʚ; ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʊʈ ʚʘʨʠʘʮʠʝʡ ʫʩʣʦʚʠʡ ʠʭ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʨʷʜ ʥʦʚʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʉʇʂʄ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ 

ʧʦʣʫʯʝʥʠʷ, ʟʘʱʠʱʸʥʥʳʭ ʙʦʣʝʝ 80-ʶ ʦʭʨʘʥʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʥʘ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ, ʛʦʨʷ-

ʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʦʚ ʟʘʩʳʧʦʢ, ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʠʦʙʘʪ-

ʥʳʭ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢ; ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʳʩʦʢʦʯʘ-

ʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; ʥʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ; ʥʘ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ; ʥʘ ʧʦʟʠʩʪʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘ-
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ʪʫʨʥʳʝ ʩʝʛʥʝʪʦʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ; ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ; ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʥʘ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ; ʥʘ ʤʘʪʝ-

ʨʠʘʣ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; ʥʘ ʵʣʝʢʪʨʝʪʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʥʘ ʧʠʨʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ; ʥʘ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʊʘʙʣʠʮʘ 1.1 ï ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʙʝʩʩʚʠʥʮʦʚʳʭ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠ ʯʠʩʪʳʭ ʩʝʛʥʝʪʦʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [33] 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʧʨʦ-
ʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʉʇʂʄ 
(ʧʦ ʆʉʊ 110444-87, ʈʦʩʩʠʷ) 

ʇʨʦʤʳʰʣʝʥ-
ʥʳʝ ʤʘʪʝʨʠʘ-

ʣ  r

ɹʘʟʦʚʳʝ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ ʦʩʥʦʚ 
ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʉʇʂʄ 

ʅʘʧʨʘʚ-
ʣʝʥʠʷ 
ʨʘʙʦʪ 

ʆʞʠʜʘʝʤʳʝ 
ʨʝʟʫʣʴʪʘʪʳ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʐʠʬʨʳ 

I 

ɺʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʘ-
ʪʝʨʠʘʣʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝ-
ʞʠʤʝ ʧʨʠʝʤʘ ʠ/ʠʣʠ ʠʟʣʫʯʝ-

ʥʠʷ 

ʊɹ-1 
ʎʊʉʅɺ-1 
ʎʊʉ-19 

ʪ
33/ 0=1040 3550; 
tg   102 = 1.6; 
ʂʨ > 0.3; 

d31 > 50 ʧʂʣ/ʅ; 
g31 > 5 ʤɺʤ/ʅ 
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ʇʨʠʙʣʠʞʝʥʠʝ ʧʦ 
ʧʘʨʘʤʝʪʨʘʤ ʢ 
ʧʨʦʤʳʰʣʝʥʥʳʤ 
ʤʘʪʝʨʠʘʣʘʤ ʧʨʠ 
ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

VR, ʊʢ, ʤʝʥʴʰʝʡ  

II  

ʄʘʪʝʨʠʘʣʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ 
ʨʝʞʠʤʝ ʧʨʠʝʤʘ ʠ/ʠʣʠ ʠʟʣʫ-
ʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ/ʠʣʠ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʊɹʂ-3 
ʎʊʉ-23 
ʎʊʉ-24 
ʎɹʊʉ-3 

ʪ
33/ 0 = 380  1240; 
ʂʨ > 0.2;  

d31 = 30 60 ʧʂʣ/ʅ; 
VR > 5 ʢʤ/ʩ; 

QM = 250 3000; 
 < 4.5 ʛ/ʩʤ3 
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ʇʨʠʙʣʠʞʝʥʠʝ ʢ 
ʧʨʦʤʳʰʣʝʥʥʳʤ 
ʤʘʪʝʨʠʘʣʘʤ ʧʨʠ 
ʤʝʥʴʰʝʡ  

III -1 
 
 
 

III -2 
 
 

III -3 

ʄʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʦ-
ʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 
ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 
ʏʉʋ ʥʘ ʦʙʲʝʤʥʳʭ (ʧʣʘʥʘʨ-
ʥʦʡ ʤʦʜʝ (3-1), ʨʘʩʪʷʞʝʥʠʷ-
ʩʞʘʪʠʷ ʧʦ ʪʦʣʱʠʥʝ (3-2)) ʠ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 
ʚʦʣʥʘʭ (3-3) ʚ ʠʥʪʝʨʚʘʣʝ 
ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï60 ʜʦ +85 ʉ 

ʎʊʉ-22 
ʎʊʉ-35 

 
 
 

ʎʊʉ-35 
ʎʊʉ-35ʋ 

 
ʎʊʉ-33 

ʪ
33/ 0 = 120  490; 
tg   102 = 1.6; 
ʂʨ ~ 0.3; 

d31 = 12 30 ʧʂʣ/ʅ; 
VR = 4.8 5.9 ʢʤ/ʩ; 
QM = 1000  4000; 

 < 4.5 ʛ/ʩʤ3 
ʊʂɿ106ʂ-1=130;  

f0/fr < 1 % ʈ
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ʇʦʣʫʯʝʥʠʝ ʤʘʪʝ-
ʨʠʘʣʦʚ ʩ ʣʫʯʰʝʡ 
ʪʝʤʧʝʨʘʪʫʨʥʦʡ 
ʩʪʘʙʠʣʴʥʦʩʪʴʶ 
ʨʝʟʦʥʘʥʩʥʦʡ ʯʘ-
ʩʪʦʪʳ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʧʨʦʤʳʰ-
ʣʝʥʥʳʤʠ ʤʘʪʝʨʠ-

ʘʣʘʤʠ 

IV  

ʄʘʪʝʨʠʘʣʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 250 ʉ ʠ ʚʳʰʝ, ʩ 
ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 
ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 
ʪʝʤʧʝʨʘʪʫʨ ʠ/ʠʣʠ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʎʊʉ-21 
ʎʊʉ-26 
ʊʥʘɺ-1 

ʪ
33/ 0 = 50  1070; 

tg   102 = 0.1 2.0; 
ʂʨ = 0  0.42; 

d31 = 0 60 ʧʂʣ/ʅ; 
d33/d31  ; 
ʊʢ > 1470 ʂ; 
QM = 4 3000 ʇ
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ʇʦʣʫʯʝʥʠʝ ʤʘʪʝ-
ʨʠʘʣʦʚ ʩ ʙʦʣʝʝ 
ʰʠʨʦʢʠʤ ʜʠʘʧʘ-
ʟʦʥʦʤ ʨʘʙʦʯʠʭ 
ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ 
ʙʦʣʴʰʝʡ VR ʠ 
ʤʝʥʴʰʝʡ  

V 

ɼʦʙʘʚʣʝʥʠʝ ʢ ʆʉʊ 110444-
87. ʄʘʪʝʨʠʘʣʳ ʩ ʥʠʟʢʦʡ 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘ-
ʝʤʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʧʠʨʦ-
ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʣʷ ʚʳʩʦ-
ʢʦʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘ-
ʪʝʣʝʡ ʠ ʧʠʨʦʧʨʠʝʤʥʠʢʦʚ 

ʇʂʈ-3 
ʇʂʈ-10 
ʇʂʈ-11 
ʇʂʈ-20 

ʪ
33/ 0 < 100  300; 
ʂʨ = 0.15  0.30; 

d31 = 6 15 ʧʂʣ/ʅ; 
VR > 5.5 ʢʤ/ʩ; 
QM = 30 1000; 
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ʇʨʠʙʣʠʞʝʥʠʝ ʢ 
ʧʨʦʤʳʰʣʝʥʥʳʤ 
ʤʘʪʝʨʠʘʣʘʤ, ʥʦ 
ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

VR ʠ ʤʝʥʴʰʝʡ  
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ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʊʈ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʥʠʦʙʘʪʦʚ ʥʘʪʨʠʷ, ʣʠʪʠʷ ʠ ʢʘʣʠʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʩʪʴʶ ʠʭ ʩʚʦʡʩʪʚ, ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʦ ʦʪʣʠʯʥʳʭ ʦʪ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʦʡ çʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʴʶè ʪʘ-

ʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʫʥʠʢʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ: ʵʢʩʪʨʝ-

ʤʘʣʴʥʦ ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʧʨʠ ʰʠʨʦʢʦʤ 

ʩʧʝʢʪʨʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ (ʦʪ ʝʜʠʥʠʮ ʜʦ ʪʳʩʷʯ) ʠ ʥʠʟʢʦʛʦ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ (ʤʝʥʴʰʝ 

4.5 ʛ/ʩʤ
3
). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʚʠʪʴ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ: ʘʢʫʩʪʦʵʣʝʢʪʨʦʥʠʢʫ, ʠʩʧʦʣʴʟʫʶʱʫʶ ʢʘʢ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʚʳ-

ʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʪʘʢ ʠ ʛʠʧʝʨʟʚʫʢʦʚʳʝ (ʦʪ 10 ʄɻʮ ʜʦ 1,5 ɻɻʮ) ʦʙʲʝʤʥʳʝ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʫʧʦʤʷʥʫʪʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʚ 1.5 ʨʘʟʘ ʫʜʝʣʴʥʳʡ ʚʝʩ 

ʤʝʥʴʰʝ, ʯʝʤ ʚʩʝ ʠʟʚʝʩʪʥʳʝ Pb-ʩʦʜʝʨʞʘʱʠʝ ʉʇʂʄ, ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʫʩʪʨʦʡ-

ʩʪʚʘʭ, ʛʜʝ ʚʝʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʨʝʰʘʶʱʠʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠʟ ʥʠʭ ʣʝʛʢʠʝ ʤʠʥʠʘʪʶʨʥʳʝ ʜʘʪʯʠʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʫʩʪʨʦʡ-

ʩʪʚʘʭ ʢʦʥʪʨʦʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ). ʉ ʫʣʴʪʨʘʚʳʩʦʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʪʦʯʢʠ ʂʶʨʠ ʠ ʙʝʩʢʦʥʝʯʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʴʝʟʦʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ 

ʩʚʷʟʘʥʘ ʨʘʟʨʘʙʦʪʢʘ ʜʝʬʝʢʪʦʩʢʦʧʦʚ ʠ ʪʦʣʱʠʥʦʤʝʨʦʚ ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝ-

ʩʪʚʘ ʛʦʨʷʯʝʛʦ ʧʨʦʢʘʪʘ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʪʥʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ, ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚ) [119]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʵʪʘ ʛʨʫʧʧʘ ʙʝʩʩʚʠʥʮʦʚʳʭ ʉʇʂʄ (ʪʘʙʣʠʮʘ 1.2) ʟʘʥʷʣʘ 

ʣʠʰʴ ʦʯʝʥʴ ʫʟʢʠʡ ʩʝʛʤʝʥʪ ʧʴʝʟʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ [120] ʠ ʥʝ ʩʤʦʛʣʘ ʟʘʤʝʥʠʪʴ ʠʟ-

ʚʝʩʪʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ Pb-ʩʦʜʝʨʞʘʱʠʝ ʘʥʘʣʦʛʠ, ʪʘʢ ʢʘʢ ʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʥʝ ʜʦʩʪʠʛʣʠ ʫʨʦʚʥʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʦʡʩʪʚ ʎʊʉ-ʤʘʪʝʨʠʘʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʭ ʙʝʩʩʚʠʥʮʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʯʘʱʝ ʚʩʝʛʦ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ɻʇ) 

(ʩʧʝʢʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʠʟʚʥʝ ʧʨʠʣʦʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ [121]). ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʵʪʦʛʦ ʤʝʪʦʜʘ (ʵʢʩʧʨʝʩʩʥʦʩʪʴ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʫʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ), ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ɻʇ ʩʦʧʨʷʞʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʘʣʫʥʜʦʚʦʡ ʦʩʥʘʩʪʢʠ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʙʦʣʴʰʦʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ɻʇ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʣʠʰʴ ʚ ʫʩʣʦʚʠʷʭ 

ʰʪʫʯʥʦʛʦ ʠ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʩʧʨʦʩ ʥʘ ʧʦʜʦʙʥʳʝ ʤʘʪʝʨʠ-

ʘʣʳ ʦʧʨʝʜʝʣʷʣʩʷ ʨʘʟʚʠʪʠʝʤ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʤʠ ʜʦʨʦʛʦʩʪʦ-
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ʷʱʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʫʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʞʝ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʩʬʝʨʘ ʚʥʝʜʨʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʥʦʚʠʥʦʢ ʚʩʸ ʙʦʣʝʝ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʙʳ-

ʪʦʚʦʡ ʪʝʭʥʠʢʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
 

ʊʘʙʣʠʮʘ 1.2 ï ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʙʝʩʩʚʠʥʮʦʚʳʭ ʉʇʂʄ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 

ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ [120] 

ʄʘʪʝ-

ʨʠʘʣʳ 

ʇʘʨʘʤʝʪʨʳ 
ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʉʧʝʮʠʬʠʯʝʩʢʠʝ 

 
ʊʢ, 
0
ʉ 

Ů33
ʊ
/Ů

0 

ʂʨ 
d31, 

ʧʂʣ/ʅ 

g31, 

ʤɺʤ/ʅ 
QM 

VR, 

ʢʤ/c 
  

ʇʂʈ ï 34 420 460 0.42 45 10.0 150 5.4 
K15~0,6; 

tgŭĀ10
2
 (E=50B/ʩʤ) = 2.5 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʘʢʫʩʪʦ-ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʇʂʈ ï 35 370 120 0.22 12 10.5 1000 5.9 

Vs = 3.45 ʢʤ/ʩ; 

Ks = 0.16; 

Ŭp = 1.3 ʜɹ/ʩʤ 

(17 ʄɻʮ); 

ʊʂɿ = 130Ț10
-6
 ʂ

-1
 

(-10õ70 Áʉ) 

ʋʩʪʨʦʡʩʪʚʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥʘʭ 

ʇʂʈ ï 90 335 100 0.30 15 16.9 245 6.0 
03331

Td =1,5 ʧʂʣ/ʅ 

ɺʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴ-

ʥʳʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ, 

ʜʝʬʝʢʪʦʩʢʦʧʳ, ʧʨʠ-

ʙʦʨʳ ʤʝʜʠʮʠʥʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ 

ʇʂʈ ï 61 

ɹ
ʦ
ʣ
ʝ
ʝ
 
1
2
0
0

 

48 0 0 0 400 5.2 

ʊʨʘʙ. ʧʨʝʜ. > 950 
0
ʉ; 

K t = 0.29; 

d33 = 14; 

K t/Kp Ÿ Ð; 

d33/d31 Ÿ Ð 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ 

ʇʂʈ ï 92 320 2700 0.2 189 7.3 360 5.5  

ʅʠʟʢʦ- ʠ ʩʨʝʜʥʝʯʘ-

ʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʠ 

ʇʂʈ-100 - 2020 - - - 1060 4.7  
ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʇʂʈ-101 - 1090 0.43 84 8.7 50 4.3 
03333

Td =6.1ʧʂʣ/ʅ; 

g33 = 20.9 ʤɺĀʤ/ʅ; 

z = 19.4 mrayl 

ʉʨʝʜʥʝʯʘʩʪʦʪʥʳʝ  

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʪʘ-

ʶʱʠʝ ʚ ʨʝʞʠʤʝ ʧʨʠ-

ʸʤʘ 

ʇʂʈ-102 - 120 0.2 10 9.4 550 5.8 
g33 = 42.6 ʤɺĀʤ/ʅ; 

z = 25.7 mrayl 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʇʂʈ-103 - 150 0.2 10 7.5 750 5.6 
03333

Td =3.8ʧʂʣ/ʅ; 

g33 = 35.4 ʤɺĀʤ/ʅ; 

z = 19.4 mrayl 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʠʣʦ-

ʚʳʭ ʨʝʞʠʤʘʭ 
 

ɺʤʝʩʪʦ ʪʨʝʙʦʚʘʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʧʪʠʤʫʤ ʩʚʦʡʩʪʚ ʪʦʣʴʢʦ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘ-

ʧʘʟʦʥʝ, ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʴʝʟʦʩʚʦʡʩʪʚ ʚʦʦʙʱʝ ʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʚ ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ. 
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ʈʠʩʫʥʦʢ 1.4 ï ʈʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʩʪʦʠʤʦʩʪʠ [122] 

 

ʇʨʠ ʵʪʦʤ ʨʝʟʢʦ ʫʞʝʩʪʯʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ  ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ɿʘʤʝʪʠʤ, ʯʪʦ, ʭʦʪʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʝʨʘʤʠʢʠ ʎʊʉ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳ, ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʫʪʠʣʠʟʘʮʠʷ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʜʝʥʝʞʥʳʭ ʚʣʦʞʝ-

ʥʠʡ ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪ ʠ ʪʱʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʆʧʠʨʘʷʩʴ ʥʘ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʠʥʜʫʩʪʨʠʠ ʉʇʂʄ ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, 

ʥʘʤʠ ʨʘʥʝʝ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʙʝʩʩʚʠʥʮʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʚʝʯʘʶ-

ʱʠʭ ʧʦʪʨʝʙʥʦʩʪʷʤ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [123]. ɺʘʞʥʝʡʰʠʤ 

ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʚ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ (ʨʠʩʫ-

ʥʦʢ 1.4) ʙʝʩʩʠʥʮʦʚʳʭ ʉʇʂʄ, ʩʧʦʩʦʙʥʳʭ ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʊʈ ʩʠʩʪʝʤʳ ʎʊʉ ʚ ʢʣʘʩʩʠ-

ʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʧʣʘʥʦʚ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ NaNbO3 ï 

KNbO3, ʚ ʢʦʪʦʨʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [124-126]. ʊʈ ʵʪʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʉɺʏ-

ʪʝʭʥʠʢʝ, ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʤʝʣʢʘʷ 

ʟʸʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʥʠʟʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ʢʝʨʘʤʠʢ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʤʝʥʥʦ ʢ ʊʈ NaNbO3 ï 

KNbO3 ʚʧʝʨʚʳʝ ʚ ʧʴʝʟʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ɻʇ. 

ʆʜʥʘʢʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʭʦʜ ʢ 

ʆʂʊ. ʅʦ, ʚ ʩʣʫʯʘʝ ʩ ʅʑʄ, ʵʪʦʤʫ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʷʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʠʭ ʩʧʝʮʠʬʠʢʦʡ: ʛʠʜʨʦʣʠʟ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ, ʫʟʢʠʡ ʠʥʪʝʨ-

ʚʘʣ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ, ʧʦʚʳʰʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʝʘʛʝʥʪʦʚ, ʚʳʩʦʢʘʷ ʣʝʪʫʯʝʩʪʴ ʑʄ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ, ʢʘʢ ʨʝ-
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ʟʫʣʴʪʘʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʷʚʣʝʥʠʡ, ʥʠʟʢʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʝʨʘʤʠʢ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʷʜʝ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʦʚ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʠʥʦʩʪʨʘʥʥʳʭ ʥʘʫʯʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʯʠʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ (www.scirus.com, www.scopus.com, http://ru.espacenet.com) ʠ ʥʝ-

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ (www.google.ru) ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 1.5, 1.6. 

ʅʘ ʨʠʩʫʥʢʘʭ 1.5, 1.6. ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʙʝʩ-

ʩʚʠʥʮʦʚʳʤ ʉʇʂʄ. ɺʠʜʥʦ, ʯʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʥʘʠʙʦʣʝʝ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ ʚ ʧʝ-

ʨʠʦʜ ʩ 2007 ʧʦ 2009 ʛʦʜʳ, ʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʥʘʩʳʱʝʥʠʝ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʫʧʦʤʠʥʘʥʠʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʯʘʪʠ ʠ ʧʘʪʝʥʪʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʥʘ ʥʳʥʝʰʥʝʤ ʵʪʘʧʝ ʧʨʦʜʦʣʞʘʝʪ ʫʩʪʦʡʯʠʚʦ ʨʦʩʪʠ. ʊʘʢʘʷ ʜʠʥʘʤʠʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʦʚʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʥʘ ʩʪʘʜʠʠ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʙʝʩʩʚʠʥʮʦʚʳʭ ʉʇʂʄ. 

 
ʈʠʩʫʥʦʢ 1.5 ï ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʫʧʦʤʠʥʘʥʠʡ ʙʝʩʩʚʠʥʮʦʚʦʡ ʢʝʨʘʤʠʢʠ ʚ ʧʝʯʘʪʥʳʭ ʠʩʪʦʯʥʠʢʘʭ: 

 - ʩʪʘʪʴʠ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʞʫʨʥʘʣʘʭ;  - ʪʝʭʥʠʯʝʩʢʘʷ ʠ ʧʘʪʝʥʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ; 

  - ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʧʦʤʠʥʘʥʠʡ ʚ ʧʝʯʘʪʥʳʭ ʠʩʪʦʯʥʠʢʘʭ (ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ) [122] 
 

 

ʈʠʩʫʥʦʢ 1.6 ï ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʫʧʦ-

ʤʠʥʘʥʠʡ ʙʝʩʩʚʠʥʮʦʚʦʡ ʢʝʨʘʤʠʢʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʯʘʪʠ ʧʦ ʜʘʥʥʳʤ [122] 

 

ʅʘ ʨʠʩʫʥʢʝ 1.7 ʧʦʢʘʟʘʥʳ ʜʠʘʛʨʘʤʤʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʜʦʣʝʚʦʝ ʫʯʘʩʪʠʝ ʩʪʨʘʥ ʤʠʨʘ 

http://www.scirus.com/
http://www.scopus.com/
http://ru.espacenet.com/
http://www.google.ru/


32 

ʚ ʨʘʙʦʪʘʭ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʝʩʩʚʠʥʮʦʚʳʭ ʉʇʂʄ. ɺʠʜʥʦ, ʯʪʦ, ʝʩʣʠ ʚ 1999-

2003 ʛʛ. ʣʠʜʝʨʘʤʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʣʠʩʴ ʩʪʨʘʥʳ ɽʚʨʦʩʦʶʟʘ, ʪʨʘʜʠʮʠʦʥʥʦ ʚʢʣʘʜʳʚʘ-

ʶʱʠʝ ʙʦʣʴʰʠʝ ʩʨʝʜʩʪʚʘ ʥʘ ʨʘʟʚʠʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʪʦ ʩ 2004 ʛʦʜʘ ʥʘʠʙʦʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʟʚʠʪʳʝ ʘʟʠʘʪʩʢʠʝ ʩʪʨʘʥʳ (ʗʧʦʥʠʷ, ʘ ʟʘʪʝʤ ʂʠʪʘʡ), 

ʫʜʝʣʷʶʱʠʝ ʚʥʠʤʘʥʠʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʣʦʞʝʥʠʶ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

 

ʈʠʩʫʥʦʢ 1.7 ï ɼʠʥʘʤʠʢʘ ʜʦʣʝʚʦʛʦ 

ʫʯʘʩʪʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʤʠʨʘ ʚ ʨʘ-

ʙʦʪʘʭ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʙʝʩʩʚʠʥʮʦʚʳʭ ʉʇʂʄ [122] 

ʇʦʜʦʙʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʜʠʘʛʨʘʤʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʦʩʪʝ ʠʥʪʝʨʝʩʘ ʢ ʙʝʩʩʚʠʥ-

ʮʦʚʳʤ ʉʇʂʄ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʦʩʩʠʡʩʢʠʡ 

ʩʝʛʤʝʥʪ ʥʘ ʜʠʘʛʨʘʤʤʘʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʚ 1999-2002 ʛʛ., ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʩʷ ʥʘ 

ʬʦʥʝ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ ʚ 2004-2009 ʛʛ., ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʟʘʜʝʣʘ, ʘ ʩ ʜʨʫʛʦʡ, ʦʙ ʦʙʱʝʠʟʚʝʩʪ-

ʥʳʭ ʈʦʩʩʠʡʩʢʠʭ ʧʨʦʙʣʝʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʩʪʘʜʠʠ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʦʢ. ʆʙʱʝʡ ʙʝʜʦʡ 

çʙʝʩʩʚʠʥʮʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷè ʷʚʣʷʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʠʣʴʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʯʪʦ ʠ ʧʦʥʷʪʥʦ, ʪʘʢ ʢʘʢ, ʧʦ ʩʫʱʝʩʪʚʫ, ʥʝʦʙʭʦʜʠʤʦ ʩʙʣʠʟʠʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʦ ʨʘʟʥʳʭ ʛʨʫʧʧ ʤʘʪʝʨʠʘʣʦʚ (ʩʠʪʫʘʮʠʷ ʥʘʧʦʤʠʥʘʝʪ ʨʝʮʝʧʪ çʩʫʧʘ ʠʟ ʪʦʧʦʨʘè). ɺ [142-144], 

ʥʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʳ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʟʘ ʩʯʸʪ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʢʦʤ-

ʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. ɺ [145, 146] ʨʘʩʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʚʦʣʴʥʦ ʵʢʟʦʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʅʑʄ: ʪʦʧʦʭʠʤʠʯʝʩʢʦʝ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʚ ʧʣʘʟʤʝʥʥʦʤ ʨʘʟʨʷʜʝ. 

ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʜʦʚʦʣʴʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʣʫʯʰʠʝ 

ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʫʜʦʸʤʢʠʭ ʩʣʦʞʥʳʭ ʤʝʪʦʜʠʢ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʣʠʰʴ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʳʝ, ʯʪʦ ʪʘʢʞʝ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʠʩʢʝ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʙʝʩʩʚʠʥʮʦʚʳʭ ʉʇʂʄ ʚ ʨʘʤʢʘʭ ʙʦ-
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ʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʩʠʥʪʝʟʘ ʉʇʂʄ ʤʘʪʝʨʠʘʣʦʚ (ʪʘʙʣʠʮʘ 1.3). 

ʊʘʙʣʠʮʘ 1.3 ï ʉʪʨʘʪʝʛʠʠ ʩʠʥʪʝʟʘ ʩʝʛʥʝʪʦʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʍʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ 

ʉʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ 

ʌʠʟʠʢʦ- 

ʭʠʤʠʯʝʩʢʘʷ 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʂʦʤʧʦʟʠʮʠʦʥ-

ʥʘʷ 

ʅʘʥʦʨʘʟʤʝʨ-

ʥʘʷ 
ʄʝʪʘ-ʩʪʨʘʪʝʛʠʷ 

ʉʘʤʦʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʘʷ 

ʇʝʨʠʦʜ 

ʛʣʘʚʝʩʪʚʦ-

ʚʘʥʠʷ 

1950-1970 1970-1990 1990-2010 

2004-ʧʦ 

ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ 

2010 ï ʧʦ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ 
ɹʫʜʫʱʝʝ 

ʆʩʥʦʚʥʘʷ 

ʨʝʰʘʝʤʘʷ 

ʟʘʜʘʯʘ 

ɼʦʩʪʠʞʝ-

ʥʠʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ 

ʧʴʝʟʦʘʢ-

ʪʠʚʥʦʩʪʠ 

ʈʘʟʥʦʦʙʨʘʟʠʝ 

ʩʚʦʡʩʪʚ ʚ ʧʨʝʜʝ-

ʣʘʭ ʦʜʥʦʡ ʭʠʤʠ-

ʯʝʩʢʦʡ ʢʦʤʧʦʟʠ-

ʮʠʠ, ʫʧʨʘʚʣʝʥʠʝ 

ʩʚʦʡʩʪʚʘʤʠ ʟʘ 

ʩʯʸʪ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, 

ʬʦʨʩʠʨʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [32] 

ʉʦʟʜʘʥʠʝ 

ʤʫʣʴʪʠʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʩʦʯʝʪʘʥʠʝʤ 

ʩʚʦʡʩʪʚ, ʥʝ 

ʨʝʘʣʠʟʫʝʤʳʤ 

ʚ ʤʦʥʦʤʘʪʝ-

ʨʠʘʣʘʭ) [127] 

ʉʥʠʞʝʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦ-

ʛʦ ʵʬʬʝʪʠʚ-

ʥʦʛʦ ʦʙʲʸʤʘ 

ʤʘʪʝʨʠʘʣʘ 

(ʤʠʥʠʘʪʶʨʠ-

ʟʘʮʠʷ ʧʴʝʟʦ-

ʪʝʭʥʠʢʠ) 

[128] 

ʉʦʟʜʘʥʠʝ ʩʨʝʜ, 

ʦʙʣʘʜʘʶʱʠʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʥʝ 

ʚʩʪʨʝʯʘʶ ʠɦ-

ʤʠʩʷ ʚ ʧʨʠʨʦʜʝ 

[129] 

ʉʦʟʜʘʥʠʝ 

ʘʜʘʧʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʩʘʤʦʨʝʛʫʣʠʨʫ-

ʝʤʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ 

ʆʙʲʝʢʪʳ 

ʉʝʛʥʝʪʦ-
ʵʣʝʢʪʨʠʯʝ-
ʩʢʠʝ ʩʦʝʜʠ-
ʥʝʥʠʷ (Ba-
TiO3 ʠ ʜʨ.) 
ɹʠʥʘʨʥʳʝ ʠ 
ʪʨʸʭʢʦʤʧʦ-
ʥʝʥʪʥʳʝ ʊʈ 
ʥʘ ʦʩʥʦʚʝ 
ʎʊʉ 

ʄʥʦʛʦʢʦʤʧʦ-

ʥʝʥʪʥʳʝ ʩʠ-

ʩʪʝʤʳ ʊʈ ʩ 

ʤʥʦʛʦʤʝʨʥʳʤʠ 

ʤʦʨʬʦʪʨʦʧ-

ʥʳʤʠ ʦʙʣʘʩʪʷ-

ʤʠ [130] 

ʂʦʤʧʦʟʠʮʠ-

ʦʥʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ, ʧʦʨʠ-

ʩʪʳʝ ʢʝʨʘʤʠ-

ʢʠ, ʤʥʦʛʦ-

ʩʣʦʡʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, 

ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʝ ʩʤʝʩʠ 

ʅʠʟʢʦʨʘʟ-

ʤʝʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, 

ʥʘʥʦʢʨʠ-

ʩʪʘʣʣʳ, ʪʦʥ-

ʢʠʝ ʧʣʸʥʢʠ 

[131] 

ʄʝʪʘʤʘʪʝʨʠʘʣʳ 

ʉʣʦʞʥʦ ʫʧʦ-

ʨʷʜʦʯʝʥʥʳʝ ʥʘ 

ʥʘʥʦʨʘʟʤʝʨ-

ʥʦʤ ʫʨʦʚʥʝ 

ʤʘʪʝʨʠʘʣʳ 

ʇʨʦʨʳʚ-

ʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʠ 

ʆʂʊ 

ɻʦʨʷʯʝʝ ʧʨʝʩ-

ʩʦʚʘʥʠʝ [132], 

ʤʦʢʨʳʝ ʤʝʪʦ-

ʜʳ ʩʠʥʪʝʟʘ 

ʇʦʩʣʦʡʥʦʝ 

ʩʧʝʢʘʥʠʝ, 

ʰʣʠʢʝʨʥʦʝ 

ʣʠʪʴʸ, çʢʦ-

ʨʘʣʣʦʚʘʷè 

ʪʝʭʥʦʣʦʛʠʷ 

[133] 

ʊʦʧʦʭʠʤʠ-

ʯʝʩʢʦʝ ʪʝʢ-

ʩʪʫʨʠʨʦʚʘ-

ʥʠʝ, ʭʠʤʠ-

ʯʝʩʢʠʝ ʤʝ-

ʪʦʜʳ ʩʠʥʪʝ-

ʟʘ [134], ʚʘ-

ʢʫʫʤʥʦʝ 

ʪʝʨʤʠʯʝ-

ʩʢʦʝ ʨʘʩʧʳ-

ʣʝʥʠʝ, 

ʉVD ï ʧʨʦ-

ʮʝʩʩ, PVD ï 

ʧʨʦʮʝʩʩ 

[135] 

ʉʦʟʜʘʥʠʝ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʩʦ 

ʩʣʦʞʥʳʤ, ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʳʤ, 

ʨʝʛʫʣʷʨʥʳʤ 

ʩʪʨʦʝʥʠʝʤ [136], 

ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨ 

ʩ ʜʘʣʴʥʠʤ ʧʦ-

ʨʷʜʢʦʤ, ʥʦ ʙʝʟ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʩʚʦʡʩʪʚ (ʠʢʦʩʘ-

ʵʜʨʠʯʝʩʢʠʝ ʬʘ-

ʟʳ, ʢʚʘʟʠʢʨʠ-

ʩʪʘʣʣʳ) [137] 

ɸʪʦʤʘʨʥʦʝ 

ʢʦʥʩʪʨʫʠ-

ʨʦʚʘʥʠʝ, ʢʦʥ-

ʮʝʧʮʠʷ ʩʘʤʦʦʨ-

ʛʘʥʠʟʘʮʠʠ ʭʠ-

ʤʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ [138;139] 

ʉʧʦʩʦʙ 

ʦʧʪʠʤʠʟʘ-

ʮʠʠ 

ʩʚʦʡʩʪʚ 

ʌʠʟʠʢʦ-

ʭʠʤʠʯʝ-

ʩʢʠʡ ʘʥʘ-

ʣʠʟ 

ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝ-

ʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʪʚʸʨʜʳʭ ʚʝ-

ʱʝʩʪʚ [137] 

ʀʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʩʪʨʫʢʪʫʨ 
ʩ ʨʘʟʣʠʯʥʳʤ 
ʪʠʧʦʤ ʩʚʷʟ-
ʥʦʩʪʠ, ʢʦʥ-
ʪʨʦʣʴ ʷʚʣʝ-
ʥʠʡ ʥʘ ʛʨʘ-
ʥʠʮʘʭ ʨʘʟʜʝ-
ʣʘ ʬʘʟ [140] 

ʂʦʥʪʨʦʣʴ 

ʩʪʨʫʢʪʫʨʳ ʤʘ-

ʪʝʨʠʘʣʘ ʥʘ 

ʥʘʥʦʨʘʟʤʝʨ-

ʥʦʤ ʫʨʦʚʥʝ 

ʇʦʠʩʢ ʪʦʯʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʝ-

ʟʦʥʘʥʩʥʳʭ 

ʩʚʦʡʩʪʚ ʠ ʩʪʨʦʝ-

ʥʠʷ ʧʴʝʟʦʢʦʤʧʦ-

ʟʠʪʘ [141, 142] 

- 
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ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʨʘʟʨʘʙʦʪʢʘʤ ʙʝʩʩʚʠʥʮʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ, ʧʨʠʚʝʜʝʤ 

ʨʷʜ ʦʭʨʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʢʦʣʣʝʢʪʠʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʬʠʟʠʢʦʚ-

ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ ʥʘ ʨʝʮʝʧʪʫʨʳ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʥʝʪʦʢʩʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʨʝʜ ʩ 

ʦʩʦʙʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʆʩʥʦʚʥʦʡ ʘʚʪʦʨ ï ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬ. ʈʝʟʥʠʯʝʥʢʦ ʃ.ɸ.): 

ï ɸ.ʉ. ˉˉ 646736, 693917, 769959, 814971, 857075, 958394, 1083527, 1087489, 

1123489, 1167863, 1187408, 1192299, 1290856 ʥʘ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ, ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʦʚ ʟʘʩʳʧʦʢ, ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʠʦʙʘʪʥʳʭ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢ; 

ï ɸ.ʉ. ˉˉ 587129, 591435, 619468, 642272, 642274, 687042, 694478, 697463, 968011, 

1008198, 1073220, 1073221, 1130555, 1296549, 1444321 ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʝʨʘʤʠ-

ʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠ;̫ 

ï ɸ.ʉ. ˉˉ 1089075, 1096251, 1294790 ʥʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ; 

ï ɸ.ʉ. ˉˉ 854914, 863560 ʥʘ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ; 

ï ɸ.ʉ. ˉˉ 1688723, 1766054  ʥʘ ʧʦʟʠʩʪʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ; 

ï ɸ.ʉ. ˉˉ 1258035, 1264538, 1274248, 1436440, 1439946 ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʩʝʛʥʝʪʦʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ; 

ï ɸ.ʉ. ˉ 822494  ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ; 

ï ɸ.ʉ. ˉˉ 667526, 1138397 ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ; 

ï ɸ.ʉ. ˉ 962261 ʥʘ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ; 

ï ɸ.ʉ. ˉ 642273 ʥʘ ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

ï ɸ.ʉ. ˉˉ 975673, 1061636, 1212217 ʥʘ ʵʣʝʢʪʨʝʪʥʳʝ ʤʘʪʝʨʠʘʣʳ; 

ï ɸ.ʉ. ˉˉ 974771, 1526131 ʥʘ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ; 

ï ɸ.ʉ. ˉˉ 601260, 619470, 1294791, 1425181 ʥʘ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʯʘ-

ʩʪʦʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ.  

ï ɸ.ʉ. ˉ 1000439 ʥʘ ʤʘʪʝʨʠʘʣ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ (ɸ.ʉ.ïʘʚʪʦʨʩʢʠʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʝʩʩʚʠʥʮʦʚʳʭ ʢʝʨʘʤʠʢ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʩʦʟʜʘʥʠʶ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʦʛʫʪ ʩʪʘʪʴ: 

- ʥʘʥʦʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʩʯʸʪ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢ-

ʪʫʨʳ ʧʫʪʸʤ ʧʦʩʣʦʡʥʦʡ ʩʙʦʨʢʠ; 

- ʤʝʪʘʤʘʪʝʨʠʘʣʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʢʚʘʥʪʦʚʳʭ ʥʠʪʝʡ ʠ 
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ʪʦʯʝʢ [140; 141]; 

- ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [137;138]. 

 

1.2. ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ 

 

ʊʨʠ ʢʣʘʩʩʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʪʝʣ: ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʠ 

ʩʝʛʥʝʪʦʵʣʘʩʪʠʢʠ; - ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

(ʌʇ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʮʝʣʳʡ ʨʷʜ ʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʤʝʥʦʚ, ʘʥʦʤʘʣʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ, ʥʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʜʨʫʛʠʭ). ɺ 1969 ʛʦʜʫ 

ʷʧʦʥʩʢʠʡ ʫʯʝʥʳʡ ʂʝʪʟʘʨʦ ɸʠʟʫ ʦʙʲʝʜʠʥʠʣ ʵʪʠ ʪʨʠ ʢʣʘʩʩʘ ʚʝʱʝʩʪʚ ʚ ʦʜʠʥ ʩ ʦʙʱʠʤ 

ʥʘʟʚʘʥʠʝʤ ʬʝʨʨʦʠʢʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʘʥʛʣʠʡʩʢʦʤ ʥʘʟʚʘʥʠʠ ʦʙʱʝʡ ʧʨʠʩʪʘʚ-

ʢʠ çʬʝʨʨʦè [147]. ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ï ʢʣʘʩʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʪʝʣ, ʚ ʢʦʪʦʨʳʭ ʩʦ-

ʩʫʱʝʩʪʚʫʶʪ ʭʦʪʷ ʙʳ ʜʚʘ ʠʟ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ: ʤʘʛʥʠʪʥʦʛʦ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ. ʄʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʘʛʥʠʪʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʫʧʦʨʷʜʦʯʝʥʠʝʤ, ʥʘʟʳʚʘʶʪ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʘʤʠ [148]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʥʠʭ ʚ ʚʠʜʝ ʨʷʜʘ ʵʬʬʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʤʘʛʥʠ-

ʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (ʄʕ) ʵʬʬʝʢʪʘ [148]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʦʚ ʥʘʯʘʣʠʩʴ ʚ 1961 ʛʦʜʫ ʩ ʦʪʢʨʳʪʠʷ ʣʠʥʝʡʥʦʛʦ ʄʕ 

ʵʬʬʝʢʪʘ ʫ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʘ ʭʨʦʤʘ (III) [149]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ 80 

ʦʜʥʦʬʘʟʥʳʭ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʦʚ ʣʠʙʦ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʣʠʙʦ ʠʭ ʊʈ. 

ʊʦʣʴʢʦ ʜʚʘ ʠʟ ʥʠʭ, ʘ ʠʤʝʥʥʦ, Fe3B7O13Cl ʠ Mn3B7O13Cl - ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʯʠʩʪʦ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʣʠ ʣʠʙʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʄʕ ʵʬʬʝʢʪʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʳʤ, ʣʠʙʦ ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʪʥʳʤ ʄʕ ʵʬʬʝʢʪʦʤ, ʥʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʢʦʤʥʘʪʥʦʡ. ʊʘʢ, ʦʯʝʥʴ ʙʦʣʴʰʦʡ, ʚ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʨ-

ʤʠʥʦʣʦʛʠʠ çʛʠʛʘʥʪʩʢʠʡè ʄʕ ʥʘʙʣʶʜʘʣʩʷ ʫ ʦʢʩʠʜʘ ʭʨʦʤʘ (Cr2O3) (3.7Ā10
-12 
ʂʣ(ʤ

2
 ʕ)

-1
), ʘ 

ʚ ʤʘʪʝʨʠʘʣʝ TbPO4 ʦʥ ʩʦʩʪʘʚʠʣ (3Ā10
-10

 ʂʣ(ʤ
2
 ʕ)

-1
) [150], ʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʥʝʝ 2ʂ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʛʠʛʘʥʪʩʢʦʛʦ ʄʕ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

[151], ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʪʘʢʞʝ 

ʩʚʷʟʘʥʦ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ ʵʪʦʛʦ, ʥʘʙʣʶʜʘʪʴ ʥʦʚʳʝ ʷʚʣʝʥʠʷ, ʟʘʯʘʩʪʫʶ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 
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ʧʨʠʤʝʥʝʥʠʷ [152]. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʠʝ ʵʬʬʝʢʪʳ, ʢʘʢ ʣʠʥʝʡʥʳʡ ʄʕ ʵʬʬʝʢʪ ʠʣʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ; ʵʬʬʝʢʪ ʚʟʘʠʤʥʦʛʦ ʄʕ ʢʦʥʪʨʦʣʷ, ʠʣʠ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʤ ʧʦʣʝʤ; ʵʬʬʝʢʪ ʤʘʛʥʠʪʦʝʤʢʦʩʪʠ, ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩʫʥʦʢ 1.8). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʩʧʦʩʦʙʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ: ʦʜʥʦʬʘʟʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʳʤʠ ʦʢʩʠʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʛʝʢʩʘʛʦʥʘʣʴʥʳʤʠ 

ʤʘʥʛʘʥʠʪʘʤʠ ʠ ʚʠʩʤʫʪ-ʩʦʜʝʨʞʘʱʠʤʠ ʧʝʨʦʚʩʢʠʪʘʤʠ [153, 154]; ʢʦʤʧʦʟʠʪʳ ʨʘʟʣʠʯʥʦʡ 

ʩʚʷʟʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʩʦ ʰʧʠʥʝʣʷʤʠ [155]; ʥʘʥʦʩʝʛʥʝʪʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʛʥʝʪʠʟʤʘ ʩʚʷʟʘʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʤʠ ʵʬʬʝʢʪʘʤʠ [156]. 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦʜʩʠʩʪʝʤ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ [153] 
 

ʉʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʨʫʧʧ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ, ʙʝʟʫʩʣʦʚʥʦ, 

ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʦʢʩʠʜʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝ-

ʨʦʚʩʢʠʪʘ ʥʘʨʷʜʫ ʩ ʢʨʝʤʥʠʝʤ ʠ ʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ, ʧʨʠʟʥʘʥʳ ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʩʬʝʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʚʥʝʜʨʝʥʠʝ ʚ ʥʦʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʮʠʢʣʳ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ 

ʆʜʥʘʢʦ, ʩʦʝʜʠʥʝʥʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʥʝ ʪʘʢ 

ʤʥʦʛʦ. ʊʘʢ, ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘ-



37 

ʪʫʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʩʣʦʞʥʦʛʦ ʦʢʩʠʜʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʛʥʠʪʥʳʭ 

ʠʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ Cr
3+

, Mn
2+

, Mn
3+

, Mn
4+

, Fe
3+

, Fe
2+

, Co
3+

, Ni
2+

 (ʪʘʙʣʠʮʘ 1.4). ʋʩʣʦʚʠʷ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ [32, 121] ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʘʠʚʘʥʠʷ ʫʢʘ-

ʟʘʥʥʳʭ ʠʦʥʦʚ ʣʠʰʴ ʚ B-ʧʦʜʨʝʰʸʪʢʫ ʩʪʨʫʢʪʫʨʳ ABO3. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʠʣʝʥʠʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʝʣʘʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ A-

ʢʘʪʠʦʥʦʚ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʭ ʠʦʥʦʚ ï Pb
2+

 ʣʠʙʦ Bi
3+
. ʇʨʠ ʵʪʦʤ ʩ ʫʯʸʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦ-

ʨʦʚ [2] ʠ ʩʦʯʝʪʘʝʤʦʩʪʠ ʩ ʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ ʚ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ 

(Cr
3+

, Mn
4+

, Fe
3+
) ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʠʤʝʥʥʦ ʚʠʩʤʫʪ-ʩʦʜʝʨʞʘʱʠʝ ʊʈ. 

 

ʊʘʙʣʠʮʘ 1.4 ï ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ BiMO3 [148] 

M Spacegroup
a
 Ferroelectricity Magnetism 

Synthesis 

conditions
c
 

Comments
d
 

Al  R3c 
Tc>520 

PS=9 
dÜ 

1000 

6 GPa 
 

Ga Pocca Centrosym dÜ 
1200 

6 GPa 

Ps from 

PCM. 

In Pna21 
Tc>600 

PS=18 
dÜ 

1200 

6 GPa 

Ps from 

PCM. 

Sc C2/1 Centrosym dÜ 
1140 

6 GPa 
 

Cr C2/c Centrosym 

TN=109 K 

AFM G-type 

Tc=100 K 

FM 

1380 

6 GPa 

500-1110 

4-6 GPa 

Debateb 

Co P4mm 
Tc>247 

PS=175 

TN=197 

AFM C-type 

970 

6 GPa 

Ps from 

BPC 

Ni PǬ Centrosym 
TN=27 

AFM  

1000 

 6 GPa 
 

Cr0.5Fe0.5 R3c 
Tcunkown 

PS=63 

TN=130 K 

AFM  

1000 

 6 GPa 

Ps from 

PCM 

Ni0.5Mn0.5 C2 
Tc unkown 

PS=20 

Tc =140 K 

FM 

8 00 

 6 GPa  

Ps from 

PCM 

Mn2/3Ni 1/8 Pn21m 
Tc unkown 

PS=60 

Short range 

order 

800  

Ambient P 

Ps from 

PCM 

Ti3/8Fe2/8 

Ni3/8 
R3c  ï 

Multiple 

firing 

Unsaturated 

Hysteresis 

    Ambient P Ioop 

Ti3/8Fe2/8 

Mg3/8 
R3c 

Tc=730 

PS=0.5 
- 

Multiple 

firing Ambi-

ent P 

Unsaturated 

Hysteresis 

Ioop 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʷʚʣʷʝʪʩʷ 

ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ BiFeO3, ʦʙʣʘʜʘʶʱʠʡ, ʢ ʪʦʤʫ ʞʝ, ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤ-

ʧʝʨʘʪʫʨ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʊʩ ~ 810Áʉ) ʠ ʤʘʛʥʠʪʥʦʛʦ (ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʅʝʝʣʷ TN ~370Áʉ) ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [148, 157]. 
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ʀʤʝʥʥʦ ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʧʣʝʥʢʘʭ BiFeO3 ʛʠʛʘʥʪʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʄʕ ʠ ʛʠʛʘʥʪʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ [151], ʘ ʪʘʢʞʝ ʧʨʠʟʥʘʥʠʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʧʠʥʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ [158] ʧʦʩʣʫʞʠʣʠ ʪʦʣʯʢʦʤ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʫʯʥʳʝ ʠʟʳʩʢʘʥʠʷ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ʩʪʘʣʠ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦ-

ʣʝʝ çʛʦʨʷʯʠʭè ʦʙʣʘʩʪʝʡ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʠʥʠʮʠʠʨʦʚʘʚ ʥʘʧʠʩʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʦʙʟʦʨʦʚ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʥʘʧʨʠʤʝʨ [153, 154, 159, 170, 160]. 

ʆʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʤʫʣʴʪʠ-

ʬʝʨʨʦʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʦʛʨʘʥʠʯʥʳʤ ʧʦ-

ʣʦʞʝʥʠʝʤ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ ʧʝʨʦʚʩʢʠʪʘ [32, 121]; ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʙʣʠʟʦʩʪʴʶ ʪʝʤʧʝʨʘ-

ʪʫʨ ʩʧʝʢʘʥʠʷ (ʊʩʧ.) ʠ ʠʥʢʦʥʛʨʫʵʥʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ, ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʦʢʠʩʣʝʥʠʷ ʞʝʣʝʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ ʦʙʣʘʜʘʝʪ ʩʧʠʥ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ, ʧʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ [161, 162], ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦ-

ʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ʂʨʠʪʠʯʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ BiFeO3 ʠ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʨʝʜʳʩʪʦʨʠʠ (ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ) [163, 164]. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʟʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟʳ 

BiFeO3 ʠ ʚʝʩʴʤʘ ʰʠʨʦʢʠʤʠ ʦʙʣʘʩʪʷʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

Bi2Fe4O9 ʠ Bi25FeO39 [165-171], ʘ ʪʘʢʞʝ ʣʝʪʫʯʝʩʪʴʶ Bi2O3 [171, 172] ʠ ʩʣʦʞʥʦʩʪʴʶ ʨʝʘʢʮʠʠ 

ʚ ʵʢʚʠʤʦʣʷʨʥʦʡ ʩʤʝʩʠ Bi2O3 ʠ Fe2O3[173, 174], ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʚʦʡʩʪʚ ʦʪ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʩ ʯʝʤ ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝ-

ʟʘ ʠ ʩʧʝʢʘʥʠʷ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʜʦʚʦʣʴʥʦ ʟʘʤʝʪʥʦʛʦ (~10%) ʢʦʣʠʯʝʩʪʚʘ ʪʨʫʜʥʦʫʩʪʨʘʥʠʤʳʭ 

çʙʘʣʣʘʩʪʥʳʭè ʬʘʟ [175, 176], ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

[177]. ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʥʝ-

ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʳʤ [178-182].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʘʷ ʦʧʪʠ-

ʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢʠ.  

ʇʦʠʩʢ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʡ ʛʨʫʧʧʳ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʤʢʘʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʧʝʢʘʥʠʷ ʠ 



39 

ʩʪʘʣ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ɺ ʪʘʙʣʠʮʝ 1.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ Fe2O3 ʢʚʘʣʠʬʠʢʘʮʠʡ çʯ.ʜ.ʘ.è ʠ ʤʘʨʢʠ çpè ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʐɸ. 

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ BiFeO3, ʧʦʣʫʯʝʥʥʳʡ ʠʟ Fe2O3 

ʢʚʘʣʠʬʠʢʘʮʠʠ çʯ.ʜ.ʘ.è, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʥʳʭ ʬʘʟ, ʘ ʧʨʠ 

ʩʠʥʪʝʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʠʚʘ ʤʘʨʢʠ çʨè ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʙʦʨʝ ʪʝʤʧʝʨʘʪʫʨ ʠʟ ʠʥʪʝʨʚʘʣʘ 

ʊ = (700õ850)Áʉ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝ-

ʩʝʡ ʚ ʤʘʪʝʨʠʘʣʝ ʥʝ ʫʜʘʣʦʩʴ, ʚʦ ʚʪʦʨʦʤ ï ʩʦʜʝʨʞʘʥʠʝ BiFeO3 ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʫʚʝʣʠʯʠ-

ʣʦʩʴ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ Fe2O3 ʤʘʨʢʠ çpè ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʬʦʨʤʦʡ ʨʝʘ-

ʛʝʥʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʤʝʩʠ ʙʘʣʣʘʩʪʥʳʭ ʬʘʟ Bi25FeO40 ʠ Bi2Fe4O9 ʥʘʯʠ-

ʥʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ. ʕʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟ ʠʥʪʝʨʚʘ-

ʣʘ (500õ700)Áʉ ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ BiFeO3 ʚ ʧʨʦʜʫʢʪʘʭ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Fe2O3 ʤʘʨʢʠ çpè [183]. 
 

ʊʘʙʣʠʮʘ 1.5 ï ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ BiFeO3 ʠʟ Fe2O3 ʢʚʘʣʠʬʠʢʘʮʠʡ çʯ.ʜ.ʘ.è ʠ ʤʘʨʢʠ çpè 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʐɸ 

ʄʘʨʢʘ 

Fe2O3 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʞʠʤʳ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ, I/I1, ʦʪʥ. ʝʜ. 

BiFeO3 Bi25FeO40 Bi2Fe4O9 

çʯ.ʜ.ʘ.è ʊ1=780Áʉ, Ű1= 5ʯ. 100 9 5 

çpè ʊ1=780Áʉ, Ű1= 5ʯ. 5 100 60 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ 

ʚʠʩʤʫʪʘ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ. 

ɺʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʫʪʸʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ BiFeO3 ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ 

ʩʚʦʡʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʝʜʢʦʟʝʤʝʣʴ-

ʥʳʭ (ʈɿʕ) [184-192]. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʦʩʦʙʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʈɿʕ: ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʭ ʩʦʙʩʪʚʝʥʥʦʝ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʤʘʛ-

ʥʠʪʥʘʷ ʧʨʠʨʦʜʘ (f-ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ) ʈɿʕ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʩʠʣʝʥʠʠ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʝʞʜʫ ʜʨʫʛʠʤʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ, ʥʘʧʨʠʤʝʨ, Fe
3+
, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 



40 

TN. ɺʚʝʜʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʞʸʩʪʢʠʭ ʚʳʩʦʢʦʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʈɿʕ ʚʤʝʩʪʦ ʣʝʛʢʦʜʝ-

ʬʦʨʤʠʨʫʝʤʳʭ ʠʦʥʦʚ, ʥʘʧʨʠʤʝʨ, Bi, ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʉʕ 

ʩʦʩʪʦʷʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʩʥʠʞʝʥʠʶ Tc ʠ ʩʙʣʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʉʕ ʠ ʘʥʪʠʬʝʨʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʚʝʩʴʤʘ ʞʝʣʘʪʝʣʴʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʟʘʤʝʱʝʥʠʝ ʯʘʩʪʠ ʠʦʥʦʚ Bi ʧʨʠʚʝʜʸʪ ʢ ʫʩʠʣʝʥʠʶ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʚ ʩʠ-

ʩʪʝʤʝ. ɸ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʣʫʯʰʝʡ ʩʧʝʢʘʝʤʦʩʪʠ ʊʈ ʠ, ʢʨʦʤʝ ʪʦ-

ʛʦ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʩʣʘʙʦʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʬʘʟ [193-195]. 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ (Bi1-xMx)FeO3, ʛʜʝ ʄ ï La, Pr, Nd, Sm, Eu, Yd, Tb, Dy, Ho, Ta, Lu, ʜʣʷ 

ʭ = 0; 0.05; 0.10; 0.15; 0.20, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʦʢʩʠʜʦʚ Bi2O3, Fe2O3, M2O3 ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʯʠʩʪʦʪʳ (ʯʜʘ, ʦʩʯ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ1 = 800 ʉ, 10 ʯ.; ʊ2 = (800õ850)ʉ, 5 ʯ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʩʪʘʚʘ: ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ ʪʝʤʧʝʨʘʪʫʨʘ ʚʪʦʨʦʛʦ ʦʙʞʠʛʘ ʧʦʚʳʰʘʝʪʩʷ ~ ʥʘ 

10 ʛʨʘʜʫʩʦʚ ʥʘ ʢʘʞʜʳʝ 5 ʤʦʣ. % ʈɿʕ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ (ʊ2) ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʦʷʚʣʝ-

ʥʠʝʤ ʩʣʝʜʦʚ ʞʠʜʢʦʡ ʬʘʟʳ (ɾʌ). ʉʠʥʪʝʟ ʚ ʜʚʝ ʩʪʘʜʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʦ-

ʭʦʞʜʝʥʠʝ ʨʝʘʢʮʠʠ ʠ ʧʦʣʫʯʝʥʠʝ ʚʝʱʝʩʪʚ ʙʝʟ ʧʨʠʤʝʩʠ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ. ʆʩʥʦʚʥʦʡ ʦʩʦ-

ʙʝʥʥʦʩʪʴʶ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʊʈ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʩʧʸ-

ʢʦʚ. ʕʪʦʪ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʙʣʠʟʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʠʥ-

ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʥʦʡ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʢʦʤʧʦʥʝʥ-

ʪʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʩʠʥʪʝʟʘ ʠ, ʪʝʤ ʙʦʣʝʝ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʧʝʢʘʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ, ʧʦʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʚʩʣʝʜʩʪʚʠʝ ʟʘʪʨʫʜ-

ʥʸʥʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʠ ʨʘʟʤʦʣʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʩʣʝ ʦʙʞʠʛʘ ʩʧʸʢʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʡ ʊʩʧ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.6. 

ʆʩʦʙʝʥʥʦʩʪʴ ʩʧʝʢʘʥʠʷ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʝʛʦ ʠʥ-

ʢʦʥʛʨʫʵʥʪʥʦʛʦ (ʩ ʨʘʟʣʦʞʝʥʠʝʤ) ʧʣʘʚʣʝʥʠʷ ʧʨʠ 920ʉ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʘʷ ʢʝ-

ʨʘʤʠʢʘ ʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ. ʕʪʦ 

ʪʨʝʙʫʝʪ ʚʥʠʤʘʥʠʷ ʧʨʠ ʧʦʜʙʦʨʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʩʣʝʜʦʚ ɾʌ, ʯʪʦ ʥʝ ʞʝʣʘʪʝʣʴʥʦ, 

ʪʘʢ ʢʘʢ ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʪʝʭʠʦʤʝʪʨʠʠ ʚʝʱʝʩʪʚʘ (ʧʣʘʚʣʝʥʠʝ ʩ ʨʘʟʣʦʞʝʥʠʝʤ). 

ʇʦʵʪʦʤʫ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʩʧʝʢʘʥʠʷ ʫʟʦʢ ~ ʦʪ 850 ʜʦ 890 ʉ. ʇʨʦʙʥʳʝ ʩʧʝʢʘ-

ʥʠʷ ʜʝʣʘʣʠ ʩ ʰʘʛʦʤ (10-20) ʛʨʘʜ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ 

ʊʩʧ. ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʥʝʛʦ ʩʣʝʜʳ ɾʌ ʧʦʷʚʣʷʶʪʩʷ ʫʞʝ ʧʨʠ 890ʉ ʠ ʧʦʵʪʦʤʫ, ʘ ʪʘʢʞʝ ʚʩʣʝʜ-

ʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʧʦʜʲʸʤʝ ʊʩʧ. ʜʦ ʫʢʘʟʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷ-

ʝʪʩʷ ʊʩʧ. = 870Ü ʉ. 
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ʇʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʚʠʩʤʫʪʘ ʈɿʕ (5õ20 %) ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʝʨʨʠʪʘ 

ʚʠʩʤʫʪʘ ʧʦʚʳʰʘʝʪʩʷ ʠ ʧʦʷʚʣʝʥʠʝ ɾʌ ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 890 ʉ. 
 

ʊʘʙʣʠʮʘ 1.6 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʟʘʛʦʪʦʚʦʢ, ʩʧʝʯʸʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ BiFeO3 ʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (Bi1-xMx)FeO3, ʛʜʝ ʄ ï La, Pr, Nd, Sm, Eu, Gd, 

Tb, Dy, Ho, Tu, Lu [60] 

ʉʦʩʪʘʚ ʢʝʨʘʤʠʢʠ 
ɿʥʘʯʝʥʠʝ 
ʭ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʵʢʩʧ. ʟʘʛʦʪʦʚʦʢ, ʩʧʝʯʸʥ-
ʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʛ/ʩʤ

3
 

870 ʉ 890 ʉ 910 ʉ 930 ʉ 950 ʉ 
BiFeO3 0 7.66 7.32    

(Bi1-xLax)FeO3 0.05 7.30 7.40 7.57 7.58  
-"- 0.10  7.15 7.24 7.40  
-"- 0.15  6.84 6.84 7.30 7.00 
-"- 0.20  6.81 7.11 7.46  

(Bi1-xPrx)FeO3 0.05  6.84 7.14 7.42 7.17 
-"- 0.10  6.88 7.05 7.28 7.27 
-"- 0.15  6.55 6.78 6.90 7.25 
-"- 0.20  6.40 6.56 6.94 7.62 

(Bi1-xNdx)FeO3 0.05 7.26 7.67 7.66 7.53  
-"- 0.10  7.08 7.18 7.32  
-"- 0.15  7.15 7.21 7.26 7.06 
-"- 0.20  6.99 6.65 7.24 7.14 

(Bi1-xSmx)FeO3 0.05  7.56 7.57 7.60  
-"- 0.10  7.46 7.50 7.52  
-"- 0.15  6.79 7.09 7.40  
-"- 0.20  7.12 7.30 7.51  

(Bi1-xEux)FeO3 0.05  7.38 7.34 7.38  
-"- 0.10  7.48 7.55 7.60  
-"- 0.15   7.35 7.56 7.61 
-"- 0.20   7.36 7.60 7.76 

(Bi1-xGdx)FeO3 0.05  7.33 7.37 7.38  
-"- 0.10  7.47 7.56 7.56  
-"- 0.15   7.01 7.25 7.38 
-"- 0.20   6.85 7.08 7.41 

(Bi1-xTbx)FeO3 0.05  7.67 7.55 7.51  
-"- 0.10  7.61 7.61 7.65  
-"- 0.15   7.06 7.19 7.40 
-"- 0.20   6.91 7.07 7.31 

(Bi1-xDyx)FeO3 0.05  7.62 7.43 7.45  
-"- 0.10  7.64 7.50 7.61  
-"- 0.15   7.20 7.41  
-"- 0.20   7.10 7.20  

(Bi1-xHox)FeO3 0.05  7.46 7.50 7.35  
-"- 0.10  7.34 7.32 7.27  
-"- 0.15   7.10 7.38  
-"- 0.20   6.86 7.06 6.94 

(Bi1-xTmx)FeO3 0.05 7.36 7.30 7.13   
-"- 0.10 7.40 7.28 6.99   
-"- 0.15  7.29 7.24   
-"- 0.20  7.01 7.11   

(Bi1-xYbx)FeO3 0.05 7.38 7.29 6.94   
-"- 0.10 7.740 7.34 6.98   
-"- 0.15  7.07 6.93   
-"- 0.20  7.08 7.01   

(Bi1-xLux)FeO3 0.05 7.30 6.92    
-"- 0.10 7.37 7.17    
-"- 0.15  7.34 7.25   
-"- 0.20  7.32 7.27   
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ʇʨʠ ʵʪʦʤ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʩʧʝʢʘʥʠʷ ʨʘʩʰʠʨʷʝʪʩʷ ʦʪ 870 ʜʦ 950 ʉ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʚʳʰʝ ʫʢʘʟʘʥʥʦʛʦ ʚʝʨʭʥʝ-

ʛʦ ʧʨʝʜʝʣʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʝʨʘʤʠʢʫ ʬʝʨʨʠʪʘ 

ʚʠʩʤʫʪʘ ʠ ʝʛʦ ʊʈ ʥʝʦʙʭʦʜʠʤʦ ʩʧʝʢʘʪʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 

ʧʦʷʚʣʝʥʠʶ ʞʠʜʢʦʡ ʠʣʠ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʧʨʠ ʵʪʦʤ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ɺ ʪʘʙʣʠʮʝ 1.7 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʊʩʧ, ɟʠʟʤ., ʨʝʥʪʛ. ʠ ʦʪʥ. ʩʧʝʯʸʥʥʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʦʡ 

ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ (Bi2O3), ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʘʥʥʳʭ. 

 

ʊʘʙʣʠʮʘ 1.7 ï ɸʪʪʝʩʪʘʮʠʷ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢʠ BiFeO3 ʠ (Bi1-xMx)FeO3, ʛʜʝ M ï La, Pr, Nd, 

Sm, ʧʦ ʧʣʦʪʥʦʩʪʠ ʠ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ [32] 

ʉʦʩʪʘʚ ʢʝʨʘʤʠ-

ʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ɿʥʘʯʝʥʠʝ 

ʭ 

ʊʩʧ., 

ʉ 
ʠʟʤ., 

ʛ/ʩʤ
3
 

ʨʝʥʪʛ., 

ʛ/ʩʤ
3
 

ʦʪʥ.,  

% 

ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ, 

ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ, % 

1 2 3 4 5 6 7 

BiFeO3 0 870 7.66 8.38 91.0 8 

(Bi1-xLax)FeO3 0.05 910 7.57 8.28 92.0 6 

-"- 0.10 930 7.40 8.26 89.1 ʥʝʪ 

-"- 0.15 930 7.30 8.17 89.4 -"- 

-"- 0.20 930 7.46 8.06 92.6 -"- 

(Bi1-xPrx)FeO3 0.05 930 7.42 8.32 89.2 -"- 

-"- 0.10 930 7.28 8.24 88.4 -"- 

-"- 0.15 950 7.25 8.19 88.5 -"- 

-"- 0.20 950 7.62 8.10 94.1 -"- 

(Bi1-xNdx)FeO3 0.05 890 7.67 8.33 92.1 4 

-"- 0.10 930 7.32 8.28 88.4 ʥʝʪ 

-"- 0.15 930 7.26 8.19 88.6 7 

-"- 0.20 930 7.24 8.19 88.4 5 

(Bi1-xSmx)FeO3 0.05 890 7.56 8.38 90.2 3 

-"- 0.15 930 7.40 8.34 88.7 -"- 

-"- 0.20 930 7.51 8.20 91.6 -"- 

(Bi1-xEux)FeO3 0.05 890 7.38 8.367 88.2 12 

-"- 0.10 910 7.55 8.309 90.86 6 

-"- 0.15 930 7.56 8.335 88.18 ʥʝʪ 

-"- 0.20 930 7.60 8.421 90.25 -"- 

(Bi1-xGdx)FeO3 0.05 890 7.38 8.367 88.2 13 

-"- 0.10 910 7.56 8.319 90.87 4 

-"- 0.15 950 7.38 8.365 88.22 ʥʝʪ 

-"- 0.20 950 7.41 8.472 87.46 -"- 

(Bi1-xTbx)FeO3 0.05 890 7.67 8.35 91.85 7 

-"- 0.10 890 7.61 8.32 91.50 8 

-"- 0.15 950 7.40 8.29 85.18 5 

-"- 0.20 950 7.31 8.46 82.39 6 



43 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.7 

1 2 3 4 5 6 7 

(Bi1-xDyx)FeO3 0.05 890 7.62 8.37 89.34 10 

-"- 0.10 890 7.64 8.30 91.99 8 

-"- 0.15 930 7.41 8.26 89.69 21 

-"- 0.20 930 7.20 8.19 87.91 25 

(Bi1-xHox)FeO3 0.05 890 7.46 8.37 87.96 12 

-"- 0.10 890 7.34 8.31 88.28 9 

-"- 0.15 930 7.38 8.24 86.17 17 

-"- 0.20 930 7.06 8.19 83.70 24 

(Bi1-xTux)FeO3 0.05 870 7.36 8.35 86.98 6 

-"- 0.10 870 7.40 8.30 89.16 11 

-"- 0.15 890 7.30 8.25 87.76 15 

-"- 0.20 890 7.28 8.19 86.81 24 

(Bi1-xYbx)FeO3 0.05 870 7.38 8.34 87.37 16 

-"- 0.10 870 7.40 8.30 88.81 17 

     84.06 54 

-"- 0.20 890 7.08 8.20 86.35 37 

(Bi1-xLux)FeO3 0.05 870 7.30 8.35 85.07 50 

-"- 0.10 870 7.37 8.31 88.72 24 

-"- 0.15 890 7.34 8.25 87.92 22 

-"- 0.20 890 7.32 8.21 88.55 57 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1.5, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ. 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ BiFeO3 ʚʦʟʨʘʩʪʘʝʪ ʚ ʊʈ ʩ ʈɿʕ, ʦʙ-

ʣʘʜʘʶʱʠʤʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ ʨʘʜʠʫʩʘʤʠ (La, Pr, Nd, Sm, Eu, Gd) (ʪʘʙʣʠʮʘ 1.8), 

ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʨʷʜʘ (ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʧʪʠʤʘʣʴʥʘʷ ʊʩʧ. ʜʦʩʪʠʛʘʝʪ (930 õ 950) 
0
ʉ. 

 

ʊʘʙʣʠʮʘ 1.8 ï ʀʦʥʥʳʝ ʨʘʜʠʫʩʳ ʚʠʩʤʫʪʘ ʠ ʈɿʕ ʧʦ ɹʝʣʦʚʫ ʠ ɹʦʢʠʶ [8] 

 r, ¡ ʈɿʕ r, ¡ ʈɿʕ r, ¡ ʈɿʕ r, ¡ ʈɿʕ r, ¡ 

Bi
3+ 

1.20 La
3+ 

1.04 Sm
3+ 

0.97 Dy
3+ 

0.88 Tu
3+ 

0.85 

  Pr
3+ 

1.00 Gd
3+ 

0.94 Ho
3+ 

0.86 Yb
3+ 

0.81 

  Nd
3+ 

0.99 Tb
3+ 

0.89 Er
3+ 

0.85 Lu
3+ 

0.80 

 

ɼʣʷ ʈɿʕ ʩ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ (Tu, Yb, Lu) ʦʧʪʠʤʘʣʴʥʳʝ ʊʩʧ. ʜʘʞʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʚʚʝʜʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʚʩʝʛʦ 890
0
ʉ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʜʠʫʩʘ ʈɿʕ ʨʘʩʪʸʪ (ʚʦ ʚʩʸʤ 

ʨʷʜʫ) ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʥʳʭ ʬʘʟ, ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

(Bi1-xMx)FeO3. ʊʘʢ, ʜʣʷ ʊʈ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʠʦʥʘʤʠ (Yb; Lu) ʩʦʜʝʨʞʘʥʠʝ 

ʧʨʠʤʝʩʝʡ ʜʦʩʪʠʛʘʝʪ 50 %. 

ɺ ʨʘʙʦʪʝ [187] ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʮʝʣʝʡ (ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʠ ʫʚʝʣʠʯʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʠʩʧʦʣʴʟʦʚʘʥ  rʦʢʩʠʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 3d-ʤʝʪʘʣʣʦʚ (Cr, Mn, Co, Ni, Cu, ʠ Zn), ʢʦʪʦʨʳʝ, ʢʘʢ ʠ                 

4f-ʵʣʝʤʝʥʪʳ, ʦʙʣʘʜʘʶʪ ʩʦʙʩʪʚʝʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴ 
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ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚ ʊʈ. 

ʀʦʥʳ ʧʝʨʝʭʦʜʥʳʭ 3d-ʤʝʪʘʣʣʦʚ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, 

ʨʝʘʣʠʟʫʝʤʦʡ ʚ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʠʥʪʝʟʝ, ʦʙʣʘʜʘʶʪ ʩʦʙʩʪʚʝʥʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʥʘʨʫʰʝʥʠʶ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʬʘʟ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʨʘʟʨʫʰʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʧʠʥʦʚʦʡ ʤʦʜʫʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʠʟʦʩʪʴ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʞʝʣʝʟʘ ʚ ʩʦʩʪʘʚʝ BiFeO3 ʠ ʚʚʦʜʠʤʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʚʝʨʦʷʪʥʦ, 

ʜʦʣʞʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ ʠʥʪʝʨʚʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʊʈ. ɺʳʩʦʢʘʷ 

ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʦʥʦʚ (Ni, Co, Cu) ʠ ʙʦʛʘʪʳʝ 

ʚʘʣʝʥʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʛʫʪ ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʤʝʰʘʥʥʳʭ ʦʢʩʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʠʟʦʣʷʮʠʦʥʥʳʝ ʩʣʦʠ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ ʧʨʦʩʣʦʡʢʘʭ ʠ, ʟʘ ʩʯʸʪ 

ʵʪʦʛʦ, ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʝʨʘʤʠʢ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ [183] ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ BiFeO3 ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʢʩʠʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʠʩʭʦʜʥʳʝ ʦʙʲʝʢʪʳ "ʧʣʘʚʥʠ" (B2O3, Li2CO3), ʩʧʦ-

ʩʦʙʥʳʝ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʦʚʣʠʷʪʴ ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ ʢʝʨʘ-

ʤʠʢ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʠ ʦʢʩʠʜʳ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ (Nb2O5 ʠ TiO2), ʩʧʦʩʦʙʥʳʝ ʚʳʩʪʫʧʠʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʷʟʫʶʱʠʭ ʘʛʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʠʤʝʩʥʳʤ ʬʘʟʘʤ ʥʘ ʦʩ-

ʥʦʚʝ Bi2O3. ʄʦʜʠʬʠʢʘʪʦʨʳ ʚʚʦʜʠʣʠʩʴ ʩʚʝʨʭʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 0.5 ʤʘʩʩ. %. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ: 

1. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʩʦʩʝʜʥʠʤʠ ʩ ʞʝʣʝʟʦʤ ʧʦ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ d-

ʵʣʝʤʝʥʪʘʤʠ (Mn, Co, Ni) ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʧʨʦʜʫʢʪʘʭ ʩʠʥʪʝʟʘ ʠ ʚʝʩʪʠ ʩʧʝʢʘʥʠʝ ʧʨʠ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʝʨʘʤʠʢ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ (Li2CO3, B2O3) 

ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ ʧʨʠ ʩʠʥʪʝʟʝ ʠ, ʪʝʤ ʙʦʣʝʝ, ʩʧʝʯʴ ʙʝʩʧʨʠʤʝʩʥʫʶ ʢʝʨʘʤʠʢʫ. 

3. ʇʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ BiFeO3 ʦʢʩʠʜʘʤʠ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ (Nb2O5, TiO2) 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ ʧʨʠ ʩʠʥʪʝʟʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ. 

ʇʦʜʙʦʨ ʨʝʞʠʤʦʚ ʩʠʥʪʝʟʘ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʪʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʦʩʣʦʞʥʸʥ ʝʛʦ ʬʘ-
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ʟʦʚʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤʠ ʚʳʩʦʢʫʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʷʚʣʝʥʠʡ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ BiFeO3 ʠ ʊʈ ʥʘ ʝʛʦ ʦʩʥʦʚʝ.  

ʈʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ BiFeO3 ʠʟʫʯʝʥʘ ʨʘʥʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ): ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʤʝʩʴ Bi2O3+Fe2O3 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

5 ʵʥʜʦʵʬʬʝʢʪʘʤʠ: ʧʨʠ 740ʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʠʤʦʨʬʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ Bi2O3, ʧʨʠ 790 ʉ ï 

ʧʣʘʚʣʝʥʠʝ ʵʚʪʝʢʪʠʢʠ ʚ ʩʠʩʪʝʤʝ Bi2O3 ï Fe2O3 ʧʨʠ 850 ʉ ï ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ BiFeO3, ʧʨʠ 

920 ʠ 950 ʉ ï ʠʥʢʦʥʛʨʫʵʥʪʥʦʝ ʧʣʘʚʣʝʥʠʝ BiFeO3, ʯʪʦ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʟʦʰʣʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 850 ʉ (ʨʠʩʫʥʦʢ 1.9). ʕʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 600 ʉ [196].  

 

ʈʠʩʫʥʦʢ 1.9 ï ʂʨʠʚʳʝ ɼʊɸ (ʘ ï ʰʠʭʪʳ ʩʦʩʪʘʚʘ Bi2O3 +Fe2O3, ʙ ï ʩʦʝʜʠʥʝʥʠʷ BiFeO3) [32] 

 

ʀʟ ʜʠʘʛʨʘʤʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ (ʨʠʩʫʥ-

ʢʠ 1.10, 1.11 [121]), ʚʠʜʥʦ, ʯʪʦ BiFeO3 ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʢʘʢ ʧʦ ʧʘʨʘʤʝʪʨʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɜ), ʪʘʢ ʠ ʧʦ ʧʘʨʘʤʝʪʨʫ ʥʘʧʨʷʞʸʥʥʦ-

ʩʪʠ (ɛ) ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. ɺ ʨʷʜʝ ʜʨʫʛʠʭ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ BiFeO3 ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚ [165-174].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʬʝʨʨʠʪʘ 
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